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49,

" For an air quality survey, the minimum distance separating

CO air sensors and localized sources is:

a,.

0 - 100 ft.
200 - 400 £t,
600 - 800 ft,
None of these

general, the O, concentrations are the highest during the:
summer and fall

_suﬁmer and winter
winter and spring

In general, the highest daily 05 concentrations occur in

early morning
midday
evening

In general, the maximum CO concentrations occur in:

a.
b.
c.
d.

" winter
spring
summer
fall

The transport of pollutants from one city to another is
most likely to occur with:

ST + I o N

light winds, surface based inversion
strong winds, surface based inversion
light winds, elevated inversion
strong winds, elevated inversion
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FOREWORD

The information in‘these lecture notes are for a one wéek air
quality training course entitled "Impact of Transportation

Systems on the Air Enviromment". This course is given to the
Transportation Districts (Environmental and Transportation Planners
and Engineers) for the purpose of providing information on how

to conduct an air quality study. This involves the gathering of
air quality field data, the analyses of such data, uses of air
quality models, and the writing of an air quality report.

These notes update material in the following air quality train-—
ing manuals: ' '

1. Meteorology and Its Influence on the Dispersion of
Pollutants From Highway Line Sources.

2. Motor Vehicle Emission Factors for Estimates of Highway
Impact on Air Quality.

3. Traffic Information Requirements for Estimates of Highway
Impact on Air Quality.

4, Mathematical Approach to Estimating Highway Impact on
~ Air Quality.

5. Appendix to Volume 4,
6. Analysis of Ambient Air Quality for Highway Projects.

7e A Method of Analyzing and Reporting Highway Impact on
Air Quality.






The ‘changes and modifications presented in thése notes arise

i from the Transportation Laboratory research findings over the
past three years and Transportation Districts experiences aﬂd

} problems in conducting air quality studies. These lecture notes
are to be used as a supplement to the lectures., They are not
intended to be complete or self sufficient.

ii
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SECTION 1

INTRODUCTION AND LEGAL REQUIREMENTS

Introduction of Instructors

Al

D.

Welcoming comments

Introduction of course personnel and history of
the course.

Organization of course participants into work
groups for problem sessions.

Reference books and materials - See Appendix A,

Course Objectives and Goals

A,

D.

Discuss legislation passed that requires that
transportation planners and engineers to provide
EIS and air quality studies.

To explain the inter-relationship of air quality
reports and the EIS, '

' |
To define the elements and discuss the procedures

in assessing the impact of transportation systems
on the air environment,

To provide the course participants with the necessary
background to conduct, supervise or contract out
air quality studies.



E. Overview of Course = Figure #1-1
i, Legal Requirements

2. Inputs - Traffic, Meteoxology, Emission Factor,
Ambient Air Quality

3. Analysis -~ Air Quality Modeling, Microscale and
Mesoscdle

4, Air Quality Report
I1TI. Define EIS

A, It is’'a disclosure document., It is designed to
provide information to decision makers.

B. It should discuss positive and negative envirommental
impacts.

C. It should not "cover up" anything.

‘

IV. Transportation Planning With Environmental Inputs.

A Historically environmental concerns were not part of
planning process

B. Discuss the FHWA "Short Course on Trangportation
Planning Process 3-C"; 3-C = comprehensive,

cooperative and continuing.

C. See Figure No. 1-2
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Ve Detailed Inputs to EIS

A.

See Figure 1=-3

lst Level of Analysis -~ System Planning

2nd Level of Analysis - Project Leval

Mitigation Measures Air Quality

l.

2.

Vi. Details

A.

Raised highway section
Locate highway further from receptors

Space highways to minimize air pollution
to allow for transport and diffusion

Purchase wider right-of-way

Provide highway with wide median to allow
diffusion of pollutants

of Air Quality Study

See Figure l-4

Construction Guidelines and Controls

L.

Fugitive dust - Water subgrade or use dust

pallative. Refer to State of California Standard
Specifications.

Control emissions from construction equipment,
concrete and asphalt plants
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3. Clearing the highway alignment from vegetation
growth, how are you going to dispose of it?
Burn?

C. Operational Guidelines and Controls

1. Collect 'the debris from highways,
how are you going to dispose of it.

2. 0il spills, what procedures are going
to be taken to clean-up.

3. Exposure time for maintenance men on
highways, truck drivers in heavy congested
traffic

D. Baseline Data
1. Continue to monitor to "cloge the loop"
to see how well our predictions match actual

field values.

2, Information for future planning - 3-C
program

VII. Background on Legal Requirements

A, Professional Development of Transportation

Engineering
1. Agrarian Farmer - dirt roads
2. Industrial Revolution - required designing

structural sections to handle heavy loads
to transport products,



‘Recreational Highways - people become more
affluent more leisure time for camping,
boating, etc.

Esthetics - transportation planner
became concerned about the visual impact
of highways.

Safety of Drivers - engineers were
concerned with skid resistant pavements,
median barriers, etc. All this time

our profession is expanding and dynamic
expressing the desires of the public.

Environmental Protection ~ private
citizens, Sierra Club and special
organized groups wanted environmental
protection. Eventually politicians
reacted and passed laws to include
environmental concern.

See Figures 1-5, 1-6, 1-7, 1-8, and 1-9

.Clean Air Amendments

.National and State Air Quality Standards
FHWA Guidelines

-.EPA Indirect Source Regulations

Sunmary of Legal Requirements for
Project Level and System Planning
Analysis. See Figure 10.

Laws Require Answers to the Following
Questions:



.Whaf.is‘the anticipated impact on air
guality if the transportation facility
were built? If not built?

.What adverse effects on air quality

could not be avoided if the proposed
transportation faclility were built?

If not built?

.How would the relationship between local

short term uses of the air resources and
maintenance and enhancement of 1bng term
productivity be affected if the transportation
facility were built? If not built?

.What irreversible and irretrievable commitments
of the air resource would be involved if the
transportation facility were built? If not
built?

.What mitigation measures could be implemented
to minimize the impact if the transportation
facility were built?

.Is the project consistent with the attainment
of air guality standards for the proposed
basin?

.To what extent would community growth be
enhanced if the proposed transportation
facility were built? If not built? How
would this effect local air quality?

i0
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VILI.EPA Reviews of EIS

A,

EPA rating of a transportation project is published
in the Federal Redgister.

Rating System

1. Environmental Impact of Project

Lo lack of objection

ER = environmental reservations; they feel
‘that alternatives or modifications of
the project should be studied,

EU

environmentally unsatisfactory; they consider
the project detrimental to the environment.

2, Adequacy of material in EIS for review.
Category: 1 = adequate

2 = insufficient information to
make Jjudgment

3 = inadeyguate

M rating of "2" or "3" above indicates that
transportation engineers have not exercised
their professional responsibility. They
have not provided enough information to
enable an evaluation of the impact.

17



XI.

Action to Stop Transportation Projects

A. No EIS - many court decisionsg have made NEPA
retroactive. Example: Route 101 in Los Angeles,

B. Adequacy of EIS - legal interpretation

Ce. Qualifications of personnel, methods of sampling,
analysis, modeling, etc.

D. Challenge the court decision to approve EIS.



g A.

SECTION 2

FUNDAMENTALS OF AIR QUALITY

i- I. Scales of Analysis For Air Quality Studies

Reasons for Scales of Analysis

i.

Meteorological processes - diffusion, wind
speeds and direction, insgolation, inversions
characteristics, etc., vary in kind and
intengity with scalse.

Receptor locatione in regards to pollutant
transport,

Emission flux variations.

Photochemical reactions are large scale
problems.

Microscale (Corridor)

1.

b

Applies to the pollutant concentrations in
the immediate vicinity of the roadway.

The boundary of this region can extend up
to 1000 feet either side of the roadway.

This scale is concerned with the elevated
concentrations of pollutants to which people

living adjacent to the roadway are subjected.

See Figure 2-1

19



i ' BOUNDARIES INDICATE POINT
AT WHICH POLLUTANT CONCENTRATION
REACHES AMBIENT LEVEL

£03

MICROSCALE CORRIDOR

-}

VARIABLE WIDTH

MICROSCALE ANALYSIS

20 o
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C.

Mesoscale

1. Applies to the area around the corridor where
the surface street and freeway networks are
significantly affected. '

2. This applies to traffic volumes and route
speeds.

3. See Figure 2-2.

Basgin

1. This refers to the region over which most of the
atmospheric mixing of air pollutants genera'ed
by vehicles and industry takes place.

20 This can be considered to be an air basin as
described by ARB,

3. See Figure 2-2,

ITl. Sources

A.

of Adr Pollution

Stationary Sources

=W
.

power plants
industrial installations
o1l refineries

domestic heaters

Mobile Socurces

c L

=W N
»

*

motor vehicles
aircraft
shipping
railroads
21



NATIONWIDE POLLUTANT EMISSTONS BY WEIGHT

MILLION TONS PER YEAR 1970

Source CO Particulates SOx HC NOx
Transportation 11l1.0 0.7 1.0 19.5 11.7
Fuel Combustion and
Stationary Sources 0.8 6.8 26.5 0,6 10.0
industrial Processes ll.4 13.1 6.0 5.5 0.2
Solid Waste Disposal 7.2 1.4 0.1 2.0 0.4
Miscellaneous 16.8 3.4 0.3 7.1 0.4
Total 147,2 25,4 33.9 34.7 22.7
% Transportation 75 3 3 56 52

Reference:

Environmental Quality", 1972,

Primary Pollutants

1.

Emitted directly into atmosphere

Motor Vehicles

Qe CO
b. HC
Ce NOx

3rd Annual Report on the Council on

d. Particulates (Pb, sulphates, rubber
particles, asbestos fibers, etc.)

Stationary Sources

a, HC
b, NOx
Ca. SO2

d. Particulates

22



Secondary Pollutants

1. Caused by the chemical reaction of the mixture
of primary pollutants in the atmosphere.

2, Ozone (03), peroxyacgetyl nitrates (PAN)
peroxybenzoyl nitrates (PBN)

ITI. Types of Smog

Iv.

A
B.
C.
D,
E,

London Smog - reducing smog; 802
Los Angeles Smog - Photochemical Smog
Oregon Smog - waste burning |

Ice Fog - temperature less than «-25°F

See Figure 2-3

Photochemical Smog

A,

Grossly simplified equations

NO + 02-—-) NO2

NO2 + = NO+O+

O+ 3 02—-3’ 03

RHC + 03—> PAN

Formation of photochemical smog requires‘RHC and

NOX as well as ultraviolet light from the sun.,

Reaction time requires 30 minutes to about 2-~3 hours
depending on emissions and meteorolody.
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A.

Ve hocallEffects ofgﬁollutant Emissions

Ozone depression near sourxrcas of NO

1. Reactions
NO o 03 — NO2 + O2

Vehicle Ambient

emissions levels

2. Reduced ozone léevels near roadwéya and increased
NO2 concentrations.

3. See Figure 2-4

Elevated Concentrations of co, HC, NOx

1.

24

These pollutants are source oriented; the
closer to the source the higher the concentrations.

See Figure 2-5

Air Monitoring Station Location

1.

Relationship of Localized Effects on Air Quality
if station located near sources of primary pollutants.

. Point measurement is most representative of
microgcale air quality - High levels of Co,

HC, Nox' Low O3 (ozone depression).

" b Point measurement is not representative of

regional air quality.

26
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VII. Seasonal Trends in.Air Quality

B Primary Pollutants

1. Highest concentrations generally occur during
late fall and winter during the night and early
morning hours.,

2. Lowest during summer.

B Secondary Pollutants

1. Highest concentrations during summer
2, Lowest during winter
C. See Figure 2-6.
VIIIXI. Health Effects of Air Pollution

A, Limited extent of information concerning the health
effects of air pollution.

l. Difficult to measure
2. Difficult to gquantify

3. Impact of air pollution on health is not well
understood,

B, Diseases and Air Pollution

1. Respiratory diseases are generally associated
with air pollution levels.

2a Bronchitis can be either acute (short term)
or chronic (long term).

29



1.

A
b,

Ce

Inflammation of regpiratory tract
Reversible .
Breathing becomes more difficult

Emphysema, usually chronic

Ae
b.
C.
d.

Alveoli become distended and uneven
Progressive destruction of alveoli

Decreased ability to eliminate foreign bodies
No known cure

- Mechanisms of intake of air pollutants

Upper respiratory system

Qe
b.

t Nasal passages

Upper bronchial tubes

Lower respiratory system

a.
b,

Lower bronchial tubes
Alveoli

Defense mechanisms of the human lung

1.

Defense against particulates

Q.
b.
Co

d.

S

Nasal hairs

Curves in nasal passage

Impingement on walls of upper and lower
respiratory tracts

Removal by expectoration from upper airway

and cilia from walls of upper and lower airways
Particles of less than 5 gym penetrate into
lower respiratory tract.

. 30



f. Particles 5 pm ¢ radius ¢ 1 um are
deposited immediately downstream of
bronchial treea.

Je Particles 0.1 um are depogsited on
respiratory tract, by diffusion due *o
brownian motion,

h. Particles 0.1 um ¢ radius < 1.0 um are
able to penetrate into the alveoli,

Defense against gageous pollutants

a, Soluble gasses are chemically transformed
in the upper airway.

b. If absorbed on-particulates in size range
0.1 jm to 1.0 um, soluble gasses can be
carried to lower airway.

(1) S0, is an example
(2) called syhergistic effect

Health impact of suspended particulates

1.

24

Particles > 1 JAm are trapped in respiratory
system by physical impaction

Particles ¢ 0.1 am are trapped in respiratory
system by brownian motion

Remainder of particles penetrate into alveoli

- and cause damage

Health impact of carbon monoxide

1.

Relatively insoluble in respiratory tract

31



I,

L

Travels to alveoli where it enters bloodstream

a. co affiniﬁy 210X as fast as oxygen, O2

b. Produces carboxyhemoglobin

Ce Occuplies space normally held by 02

de ‘Less "room" for 0,

e, Remaining o, is retained more tightly by
hemoglobin

£. See Figure 2-7

Photochemiéal Oxidants

1.
2.

- 3.

6.

Primarily'ozone

Relatively insoluble

Concentration > 1 ppm produces narrowing of
airways in the-lungs

Prolonged exposure (chronic) to concentrations
typically encountered in urban air {(0.10 to 0,20
ppmt) have not been demonstrated to be harmful.
It has been postulated that low levels of ozone
may accelerate the aging process of lung tissue.
Athletes have shown a decreased ability to pexrform
during elevated ozone levels,

Oxides of Nitrogen

L.
2.

No evidence of health hazards with nitric oxide
Nitrogen dioxide, being relatively insoluble,
is known to irritate alveoli upon exposure to
about 1 ppm for long periods of time.

Oxides of Sulfur

Le

Sulfur dioxide is extremaly soluble comapred
to‘othe: pollutants.

32



2.

3.

IX. Lead

In the absence of particulates, 802 forms

sulfuric acid in the upper airway.

Particulate matter acts as a mechanism by

which SO

2

causes damage there,

penetrates to the alveoli and

Ao Correlationg have been made between high atmospheric

lead content and high blood lead content.

B. Heavy metals such as lead tend to accunmulate in
the body.

Ce. Poisoning by lead can damage the nervous system,

1966

S04, particles

X wpxcess deaths" attributed to air pollution epigodes:

Location Date Pollutants symptoms and effects

Meuse Valley, 1930 SO, 63 excess deaths.

Belgium (956=38.4 ppm)

bDonora, Pa. 1948 S0,, particles 20 excess deaths.
(0.5=2 ppm)}

Poza Rica, 1950 HZS 22 excess deaths,

Mexico

London 1952 502, particles 4000 excess deaths.

New York 168 excess deaths
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Vegetatlon
a. Deflnit.lons
1, Injury - 8 mething you an sae hat happens to
& plant Caugeqg by air Polj tig
2, Damage - Conomj o losg
3. Doge response =~ Time Plant ; SXposeg t
Tlven concentratlon leve; £ pollutant
. Acute _ gh level, Shogrt time OF exposure
. Chronlc = low level, Ong 3 ) exposure
4, hloros1 Losg Of Jreepn COlop of Plant or
Yelloy dare
S, Necr051 = Deatp oFf Plantg
6. Stress Y factg a ting on 5 plant, i.e
light, emperatur nutrient pH, s0i1, Water
1nsects, etc,
7. Straln - Results fron Stregg
Effects Of Pollutants
. 03 = Most sens;tive Titieg (0.04 Ppm o)
are alfalfa, barley, tomato, Irape, ponderos
Pine,
Noz Mog sens1t1ve area Pingg beans, lettuce
tobacco.
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3. 80, - Most éensitive are alfalfa, barley,
soybean, ponderosa pine.

4. HC - In general are not harmful to plants
except ethylenes and some olefins.

5. co - Little is known about the effects on
vegetation.

References: 1. Recognition of Aix Pollution Injury to
Vegetation: Edited by J. S. Jacobson and
A, Clyde Hill, Air Pollution Control
Asgociation, 1970.

2. EPA Training Course: Air Pollution Effects
on Vegetation, Research Triangle Park,
Norith Carolina, 1974. :

XTI. Pollutants Considered in Transportation Air Quality Studies

A. Pollutants of Major Concern:

Pollutant Microscale Mesoscale Macroscale
cO Yas Yes Yeasa
EBC No* 1] "

Wk % " 1]
NOx (NOZ)
Particulates NEk® " 1 v o

" n

03 No
Sulphates WkkkH " "

*No direct health effect from HC

%**No validated models available to treat the chemical reactions

of NO and O.. Also there are no emission factors available
from either”EPA or ARB of Noz'

**¥No emission factor of Pb as a function of speed from either
EPA or ARB. _

xx*x*yUnder investigation by EPA to evaluate the health effects.
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For transportation Impact Studies based on available

datas

Pollutant Microscale Megoscale
CO Yas Yes

HC No Yas
Nox No Yes
Particulateasg No No

03 No Yeg

Sulphatasg No No

XIII. Air Quality Predictions

A,

Transportation Alternatives

1.

2.

Forec

1.
2.
3a
4.

No Build Alternative
Planning Alternatives

a. Spatial alternatives
b, Modal alternativesg

Ce Temporal alternatives
Design Alternatives

Q. Geometry

b, Capacity

Co Flow

ast Years

Present or baseline
Estimated Time of Completion (ETC)
ETC+10 yearg

ETC+20 years design year (long term)

38

Macroscale

Yes
Yes
Yes
No
Yes
No



Ce

D,

Meteorology

L. Typical day
2. Bad day

Slides on Ajr Pollution
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II.

SECTION 3

TRAFFIC REQUIREMENTS FOR
TRANSPORTATION IMPACT STUDIES

purpose of this Section

Ao

B.

Ca

Discuss the interface of trangportation gimulation
models and air guality models.

outputs of transportation models.

Problem and limitations of transportation simulation
models

Traffic Information is required for impact analysis for

the following reasons:

A

De

Main driving force in all microscale and regional
air quality models.

Land use patterns reflect traffic generation.

Growth of communities reflects the trangportation
plan or system.

To evaluate the affects of maes transgit in terms of
air quality impact.

To evaluate energy requirements of different modes of
transportation.

FHWA requires an evaluation of the transportation plan
as specified in FAHPM 7=70,

40



Ge To determine the inter-relationships of land use,
transportation and air quality planning.

ITI. Traffic forcasting ig the Mozt Difficult Tasgk in the Air
Quality Analysis

A, This course develops the procedures and methods for the

following:

1. Emission Factors

2. Meteorological Data and Analysgis

3. Air Quality Data and Analysis

4, Air Quality Modeling

5, Environmental Planner will have complete control

in the design and analysis of the above items,

However, traffic analysis is made by trangportation
planners and engineers,

Bo  This Section discusses the traffic information required
for an envirommental evaluation and not the technical
procedures of transportation simulation modeling. For
the technical details of traffic forecasts, the services

and expertise of transportation planners and engineers
is essential.

Ce Overview of Transportation Simulation Models

Trip Generation Model
Modal split Model
Distribution Model

Outputs For ]

Environmental Assessment

41



VI,

Time Periods for Traffic Information

A
B.
C.
D.
E.

Present

ETC

ETC+10 years
ETC+20 years
See Figure 3-1

Transportation Alternatives

A. No build - yardstick
B, Planning Alternatives
l. Spatial - Location
2. Modal - Bus, Rail, Auto
3. Temporal - Scheduling
C. Design Alternatives
1. Geometry - Grade, median, cross—section
2. Capacity - Volumes, stage construction
3a Flow - V/C Ratio, Ramp Control
D. See Figures 3=2, 3-3, 3-4 and 3-5
Meteocrology
A, Typical and bad day for:
l.  Summer O,
2, Winter, CO, HC, N02
B. See Figure 3-6
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VII. Detailed Traffic Infofmation

A,

VIII,

IX.

Ao

C.

‘b

Al

See Figures 3 to 17 in Traffic Manual,

Considerations of Mags Transportation

Must be a completely integrated system; rail, buses,

etc; must provide facilities to allow people to take
all modes.

Energy requirements for mass transit and highway
alternatives must be evaluated.

Must provide transportation during peak morning and
evening rush hours. If provisions are not given

for these periods it may posgibly double peak volumes
on number of trips to and from stations.

Family members have car to make additional
shopping trips, etc.

What is the temperament in the community for the
development of mass transit? Highwaya?

Demand traffic simulation models must be changed to

provide a model that can analyze mass transportétion
impacts.

Problems and Difficulties in Obtaining Traffic Information

Define mesoscale region -~ Route 105 in Los Angeles.,
Courts decided the study area.
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C.

' Speeds on each link

1. Typically 25 mph city and 60 mph on freeways
or just posted limits.

No build alternative

1. Route 580 — FHWA did not approve report until no
build was congidered.

Alternatives =~ egpecially mass transit

1. Route 580 - No one knew when BART systems would
be constructed or what effect it would have on
traffic patterns.

2. Environmental groups review air quality reports
as "chewing up EIS because it considers moving
vehicles and not people".

Growth Factors - must be changéd to reflect the existing
trends of land use and development.

l. Los Angeles growth in i950, 1960, 1970 and LARTS
Model.

Time to complete traffic studies - time varies from
6 months to 2 years.

1. Bay Area $130/month to air quality consultant
for delay.

2, Route 105 approximately 2 years.

Traffic Models have no capacity constraints.
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XI.

H. Effects of énergy Crisis on increase gasoline prices -
reduced number of trips,

I. ' Demand Models are not flexible at Present to answer .
todays questions concerning environmental impacts of
alternatives and control strategies,

Before requesting any traffic information have a meeting
involving (1) transportation planners, (2) environmental
pPlanners, and (3) local planning commisgions and
agencies. This Cooperative effort will save time and
effort and provide information that ig creditable,

Introduction to Transportation System Analysig

A. ' Land usge

v}

Traffic

C. Alr Quality

D, See Figures 3-7 through 3-13

Examples of Traffic Requirements

A. See Figures 3-14 and 3-15,
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SECTION 4

"EMISSION FACTORS FOR MOTOR VEHICLES

I. Definition of Emission Factor: A figure which represents the
quantity of pollutant emitted from a source per unit time
or per unit distance. This factor is used to multiply
the traffic volumes or miles traveled over a specific time
period to estimate pollutant emissions,

II. Units of Emission Factors

A, Modal (idle, cruise, acceleration, ete) =
gms/sec or gms per unit time

Ba Trip = gms/mi

Ce Separate emission factor for each.polldtant c0, HC,
NO_, and others as they become available.

III. Factors Affecting Emission Factor for a Single Vehicle
A, Vehicle model year - control standards vary.
B, Vehicle cperating mode - cruise, accelerate, etc.
C. Condition of devices - maintenance
D. Engine condition - maintenance
E. Cold or warm start
F. Type of vehicle - LDV, HDV, diesel, etc.

IV. Ideal Emission Factors

A. Trip description

6l



Go

Summation of operating times in various modes

Multiplication by appropriate modal emission
factor

Summation of total emigsions

Adjust for:

1.
2,
3.

milage per model vaar
modal mix
control deterioration

Repeat for each car on the road

See Figure 4-1

V.  Chronological Development of Emission Factors

Emission Standards

ARB & EPA
1971

¥
Calif, Div. of Hwys
Emission Factors
1971

CO Idle —

Emission Factors
1972

R
GRC Cruise '
Emission Factors
1973

%

‘AP~42, Scott
Speed Correction
Factors, Retrofit

Program

—

?

62

CO & THC average speed
Cold & hot start data

ARB data basge

C0, THC, NO
average spe8d

EPA data base

Latest approved
ARB Approach

EPA and ARB

Proposed Approach



: VI. Available Data for Calculating Emission Factors
A. California 7 - mode test cycle

- B, Federal Test Procedure

- C. CVS = 1 = See Figure 4-2

D. CVS - 2 - See Figure 4-2

E. AP-42
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UUAIR QUALITY MANUAL MODIFICATION

Prepared by

Michael Batham
Transportation Laboratory
September 18, 1974

Revised Modification No, 3 and 4 - Revision of Existing Emission
Factors Based Upon EPA Manual AP-42 (April
1973), Scott Research Report SRI. 2148-07-0274
(February 11, 1974) and the latest vehicle
mix distribution from ARB.

The new emission factors are based on (1) a recent 1,000 vehicle
study made by the Environmental Protection Agency and reported
in their Manual AP-42 entitled, "Compilation of Air Pollutant
Emission Factors", and (2) Scott Research Laboratory Report

SRL 2148-07-0274 entitled "Driving Patterns at Various Average
Route Speeds". These two reports, along with recent data from
the California Air Resources Board, incorporated the latest
available information such as new speed correction equations,
the latest vehicle population distribution, emissions from
heavy duty diesel powered vehicles, the interim California
Emission Standards, and the 1966 to 1970 Vehicle Retrofit Program,

The data used in calculating these emission factors are based on
current technology and existing emission standards, Because of
this, changes in such things as: the emission standards, retrofit
requirements, shift to smaller cars, and new emission test data will
cause these emission factors to be modified. When these changes

are made, the emission factors will be updated and the modifications
will be forwarded to the districts.

These new factors will replace Air Quality Manual Modification

No. 2 (October 10, 1973) currently in use, The emission factors are
listed on the Tenet Time-Share Computer and can be accessed by link-
ing '5;LAB;EMFAC'. This program will calculate total or reactive
hydrocarbons, oxides of nitroden, and carbon monoxide emission Ffac-
tors for any mix of light and heavy duty vehicles at average speeds
from 10 to 60 mph based on the following mathematical equations:

n+1l . .
enp = ~ cip dipn Min sip

i=n-10

where enp = exhaust emission factor in grams per vehicle mile for
calendar year n and pollutant p,

66



c;_ = the 1975 Federal test procedure em%ﬁsion rate for

ip

pollutant p (grams/mile) for the i— model year,

at low mileage. (table 1 thru 4). These low mileage
emission rates are different from the new vehicle

emission standards {(tables 13 & 14

) because the new vehicle

standards are based on 50,000 miles of vehicle operation.

di n= the controlled V%Ricle pollutant p emission deterioration
P factor for the i— model year at calendar year n (tables
5 thru 8}.
m. = the weighted annual travel of the iEE model vear during

calendar year n (the determination of this variable in-

volves the use of the vehicle model year distribution).

(tables 9 thru 12).

s. = the weighted speed adjust%ﬁnt‘factor for exhaust emission

ip
thru 5)}.

for pollutant p for the i— model year vehicles. (Figures 1

In addition to exhaust emission factors, the calculation of hydro-
carbon gasoline motor vehicle emissions involves evaporative and
crankcase hydrocarbon emission rates, Evaporation and crankcase
emissions can be determined using:

n+l

fn = > hi Min
i=n-10
where, ‘

fn = the combined evaporative and crankcase hydrocarbon
emission factor for calendar year n,

hi = the combined.egﬁporative and crankcase emission -
rate for the i— model year (tables 1 thru 4).

m, = the weighted annual travel of the iEEmodel year

during calendar year n (tables 7 thru 10J.

The pollutant emission rates (C._.) are based on the vehicle emission
standards as published in 1973 ZRd were obtained from AP-42, (See

tables 1 thru 4). The emission rates for the interim emission
standards and the new emission standards for the 1975-76 light

duty trucks, which became law after AP-42 was publishedﬁ were de-—

rived by ratioing the new and the old standards times t

emission rates.

The emission deterioration factors (d

e old

as published in AP-42,

r
were expanded to include the new and %B%Arim emission standards

{see tables 5 thru 8}.

- The distribution of vehicle miles traveled by model year (Min)
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'was obtained from ARB and is based on 1973 vehicle population
statistics from the California Department of Motor Vehicles
{See tables 9 thrul2 ). This distribution considers light
duty passenger cars, light duty trucks, heavy duty gasoline
vehicles and heavy duty diesel vehicles.

The speed correction factors (S._) are based on a series of
equations derived from EPA by thB Scott Research Laboratory
(report mentioned earlier) (see figures 1 thru 5). This report
lists a different speed correction equation for each major
automotive pollutant and for all vehicle model years tested

(pre 1966 thru 1971, light duty only). The heavy duty vehicles,
both gasoline and diesel, are assumed to have the same speed
correction factors as the light duty vehicles. These speed
correction factors replace those listed in AP-42.

These emission factors as listed on the Tenet computer system

also take into consideration the Retrofit Emission Control

Program for 1966 thru 1970 model year vehicles in the appropriate
counties. This Retrofit Program will go into effect during late
1974 and early 1975. The program asks the user if the project is
within the six counties (Los Angeles, Ventura, Orange, Santa
Barbara, San Bernardino, or Riverside) where this retrofit program
is required. If the user responds yes, each yearly printout sheet
will state "Project is within the 1966-70 RETROFIT AREA", If the
user responds no, as would be the case in all the other counties,
the retrofit portion of the calculations will be excluded.

The Retrofit Program for 1955 thru 1965 vehicles was not included
in this program because the vehicle miles traveled by these
vehicles only amount to approximately 5% of the total miles
traveled today. This percentage will be even less in future
years.

If the user of this program is making estimates of oxidant con-

centration using the roll-back technique, he should use the reactive

hydrocarbon option as listed in the beginning of the program. This

option assumes 75% of exhaust hydrocarbons and 67% of the evavorative

and crankcase hydrocarbons are reactive. These percentages were
obtained from ARR.

Attached is a copy of the new emission factor program including
the data files listing the various factors. It is important to
note all of the assumptions and changes made in this Emission
Factor program were made with the verbal approval of Don Braton
and Terry McGuire of the Air Resources Board.
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EMISSION RATES FOR LIGHT DUTY VEHICLES
Below 3500 Feet in Elevation

Passenger Cars

TABLE I

Light Duty Trucks

Model Exhaust Evaporative Exhaust E“apérat
Year co NOx HC HC co NOx HC ' HC
1960 87 3.6 8.8 7.1 87 3.6 8.8 7.1
1961 87 3.6 8.8 3.8 87 3.6 8.8 3.8
1962 87 3.6 8.8 8.8 87 3.6 8.8 3.8
1963 87 3.6 8.8 3.8 87 3.6 8.8 3.8
1964 87 3.6 8.8 3.0 87 3.6 8.8 3.0
1965 87 3.6 8.8 3.0 87 3.6 8.8 3.0
1966 51 3.4 6.0 3.0 51 3.4 6,0 3.0
1967 50 3.4 4.6 3.0 50 3.4 4.6 3.0
1968 46 4.3 4.5 3.0 46 4.3 4.5 3,0
1969 39 5.5 4.4 3.0 39 5.5 4,4 3.0
1970 36 5.1 3.6 0.5 36 ‘5.1 3.6 0.5
1971 34 3.5 2;9 0.5 34 3.5 2.9 0.5
1972 19 3.5 2.7 0.2 i9 3.5 2,7 0.2
1973 13 2.3 2.7 0.2 19 2.3 2.7 0.2
1974 19 2.3 2.7 0.2 19 2.3 2.7 0.2
1975 4.8 1.5 0.5 0.2 10.6 1.5 1.1 0.2
1976 4.8 1.5 0.5 0.2 . 9.0 1.5 0.5 0.2
1977 1.8 1{5 0.23 0.2 9.0 1.5 0.5 0,2
1978 1.8 0.31 0.23 0.2 9.0 1.5 0.5 0.2
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TABLE 2

EMISSION. RATES FOR LIGHT DUTY VEHICLES
Above 3500 feet in Elevation

70

Passenger Cars Light Duty Trucks
Exhaust Evaporative Exhaust Evaporative

CO NOx " HC . HC . Co NOx HC HC

1960 130 1.9 10 7.1 130 1.9 10 7.1
1961 130 1.9 10 3;8 130 1.9 10 3.8
1962 130 1.9 10 - 3.8 130 1.9 10 3.8
1963 | 130 1.9 10 3.8 130 1.9 10 3.8
1964 130 1.9 10 3.0 130 1.9 10 3.0
1965 130 1.9 10 3.0 130 1.9 10 3.0
1966 76 1.8 6.8 3.0 76 1.8 6.8 3.0
1967 75 1.8 5.2 3.0 75 1.8 5.2 3.0
1968 74 2.2 6.0 3.0 74 2.2 6.0 3.0
1969 48 2.6 5.4 3.0 48 2.6 5.4 3.0
370 72 2.8 6.1 - 0.5 72 2.8 6.1 0.5
1971 75 2.3 5.3 0.5 75 2,3 5.3 0.5
r972 | 42 2.3 4.9 0.2 42 2.3 4.9 0.2
1973 .42 1.4 4.9 0.2 42 1.4 4.9 0.2
1974 42 1.4 4.9 0.2 42 1.4 4.9 0.2
975 11 0.9 0.9 0.2 23 0.9 2.0 0.2

576 11 0.9 0.9 0.2 20 0.9 0.9 0.2

977 1.8 0.9 0.23 0.2 20 0.9 0.9 0,2

978 | 1.8 0;31 0.23 0.2 20 0.9 0.9 0.2



TABLE 3

EMISSION RATES FOR HEAVY DUTY VEHICLES
Below 3500 Feet in Elevation-

1978

71

- Gasoline Trucks T Diesel Trucks
Model Exhaust Evaporative Exhaust Evaporative
Year Co NOx HC HC CO NOx _HC HC
1960 140 9.4 17 8.2 20,4 34 3.4 0
1961 140 9.4 17 8.2 20.4 34 3.4 0
1962 140 9.4 17 8.2 20,4 34 3.4 0
1963 140 9.4 17 8.2 20.4 34 3.4 0
1964 140 9.4 17 8.2 20.4 34 3.4 0
1965 140 9.4 17 8.2 20.4 34 3.4 0
1966 140 9.4 17 : 8.2 20.4 34 3.4 0
1967 140 9.4 17 8.2 20.4 34 3.4 :O
1968 140 9.4 17 3.0 20.4 34 3.4 0
1969 140 9.4 17 3.0 20.4 34 3.4 h
+1970 130 9.2 16 - 3.0 20.4 34 3.4 0
1971 130 9.2 16 - 3.0 20.4 34 3.4 0
1972 130 9.2 13 3.0 20.4 34 3.4 0
1973 130 9.2 13 0.2 19 26 2.6 0
1974 130 9.2 13 0.2 19 26 2,6 C
1975 97 5.7 8.1 0.2 14 16 1.6 0
1976 97 5.7 8.1 0.2 14 16 1.6 0
1977 81 2.8 4.1 0.2 12 8 0.8 0

81 2.8 4.1 0.2 12 8 0.8 0



Gasoline Trucks

TABLE 4

EMISSION RATES FOR HEAVY DUTY VEHICLES
Above 3500 Feet in Elevation

Diesel Trucks

72

Model Exhaust Evaporative Exhaust Evaporati—-
Year co NO_ HC HC Co NO_ HC HC
1960 210 5 19 8.2 31 18 3.8 0
1961 210 5 19 8.2 31 18 3.8 0
1962 210 5 19 8.2 31 18 3.8 0
1963 210 5 19 8.2 31 18 3.8 0
1964 210 5 19 8.2 31 18 3.8 0
1965 210 5 19 8.2 31 18 3.8 0
1§s§ 210 5 19 8.2 31 18 3.8 0
1967 | 210 5 19 8.2 31 18 3.8 0
1968 210 5 19 3.0 31 18 3.8 0
1969 210 5 19 3.6 31 18 3,8 0
1979 190 4.9 18 3.0 31 18 3.8 0
1971 190 4.9 18 3.0 31 18 3.8 0
1972 190 4.9 15 3.0 31 18 3.8 0
1973 190 4.9 15 0.2 29 14 2,9 0
1974 190 4.9 15 0.2 29 14 2.9 0
11975 142 3.0 9 0.2 21 8 1.8 0
1976 142 3.0 9 0.2 21 8 1.8 0
11977 118 1.5 5 0.2 18 4 0,9 0
1978 118 1.5 5 0.2 18 4 0.9 0



W=l Year

965 & earlier
966

967

1971
1972
1973
1974
1975

1976 & later

TABLE 5

CO Deterioration Factors for Light Duty Vehicles

Age of Vehicle (years)

1 2 3 4 5
1.00 1.00 1.00 1.00 1.00
1.13 1.21 1.24 1.25 1.28

1.11 1.18 1.23 1.29 1.35

1.42 1.53 1.59 1.63 1.68
1.18 1.32 1.38 1.40 1.44
1.18 1.32 1.38 1.40 1.44
1.18 1.32 1.38 1.40 1.44

1.18 1.32 1.38 1.40 1.44
1.34 1.77 2.14 2.42 2.73
1.34 1.77 2.14 2.42 2.73

73

1.00
1.29
1.40
1.58
1.71
1.47
1.47
1,47
1.47
1.47
2.99

2,99

1.00
1.31
1.46
1.63
1.75
1.50
1.50
1.50
1.50
1.50
3,26

3.26

1.00
1.32
1.50
1.67
1.79
1.51
1.51
1.51
1,51
1.51.
3.48

3.48

1.00
1.34
1.56
1.72
1.82
1.56

1.56

1.56

1.56

1,56

3,77



T
NOx Deterioration Factors for Light Duty Vehicles

i

Age of Vehicleg (years)

i‘
[
P
i

P%&del Year 1 2 3 4 5 6 7 8

;ibss_& earlier 1.00 1.00 1.9p 1.00 1.00 1.00 1.00 1.00
ﬁ1966 1-00 1.00 1.00 1.090 1.9 1.00 1,00 1.00
| 1967 1.00 1.00 1.00 1.00 1,gg 1.00  1.00 1.00
;iésa 100 1.00 1.00 1.00 .90 . 1.00 1,00 1,00
{1969 {: 100 1.00 1,00 1,00 1,00 1,00 1,00 1,00
11970 1.00 1.00 1.00 1,00 1.0 1,00 1,00 1,00
fiS?l bl 18 1200 121 15 1,23 1,24 1.25
1972 111 1,18 1,20 1,21 1.5y 1.23 1,24 1,25
11973 -1l 118 1.20 1,21 3 1.23 1,24 1,25
1974 t-1i 118 10200 1,21 q.a 1,23 1,24 1.25
;1975 | .11 118 1,20 1,21 1,99 1,23 1,24 1,25
}1976 Flater 134 177 214 5.4 544 2.99 3,26 3,48
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!
1

Model Year

w

1965 & earlier
1966
1967
1968
1969
1970

1971

. 1972

11973

1974
1975

1976 & later

TABLE 7

Exhaust HC Deterioration Factors for Light Duty Vehicles

1.18
1.16

1.10

1.10
1.10
1.95

1.95

1.12
1.21
1.18

1.13

1.13

1.13
1.13
1.13
2.40

2.40

75

Age of Vehicle (years)

5

1.00
1.29
1.15
1.26
1.23

1.17

1.17

1.17
1.17
1.17
3.14
3.14

(]
)

-
[+2



Model Year

1974

1975

1974

1975

1974

1975

earlier

later

earlier

later

' »
earlier

later

TABLE 8

Deterioration Factors for Heavy Duty Vehiclesg

1.00

1.00

1.00

1.00

Both Gascline and Diesel Powered

1.00

1.11

1.00

1.12

Vehicle Age, Years
2 3 : 4 5 6 7

CO Deterioration Factor

1.00 1.00. 1.00 1.00 1.00 1.00°

1.35 1.43 1.50 1.57 1.63 1.69

NOx Deterioration Factor
l.00 1.00 1.00 1.00 1.00 1.00

1.18 1.20: 1.22 1.23 1.24 1.25

Exhaust HC Deterioration Factor
1.00 1.00 1.00 1.00 1.00 1.00

1.18 1.22 1.25 1.28 1.30 1.33

l1.00

1.27

l1.00
1.36

1.00

1,77

.1.00

1.28



- TABLE 9
Light Duty Passenger Vehicle Travel vs, Age

Vehicle . % Distribution of

Age {years) 3 of Vehicles Annual Mileage Miles travel-
1 10.1 17,500 22.0
2 9.8 13,000 15.9
3 B.5 11,500 12,2
4 8.4 10,000 10.5
5 9.2 8,500 9.8
6 8.1 7,000 7.1
7 7.0 6,000 5.2
8 7.3 5,000 4.6
9 7.4 ' 4,000 3.7
10 6,0 3,000 2.2
> 11 18,2 3,000 6.8

100.0%
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" TABLE 10

Light Duty Truck Travel vs. Age

Vehicle . © .. . % Distribution of
Age (years) % of Vehicles Annual Mileage Miles tr.aveled
1 - 10.4 20,000 26.2
2 12.6 14,000 22,2
3 ' 8.2 12,000 12.4
a | 7.9 10,000 10,0
5 7.6 7,000 6.7
6 | 5.6 6,000 ' 4,2
7 | | 4.8 5,000 3.0
8 5.2 4,500 3,0
9 | 5,5 3,000 2.1
- 10 . 4.9 2,500 1,5
Pt 27.3 2,500 8.6




Vehicle
Age (years)

% of Vehicles

TABLE 11
Heavy Duty Gasoline

Truck Travel vs Age

Annual Mileage

% Distribution or
Miles Traveled

1

2

10

11

8,9

10.7

79

19,700
19,700
18,000
18,000
15,100
15,100
11,500
11,500
10,000
10,000

7,370

13,4
16.1
9,7
10,0
8.7
7-0
4,4
5.0
4,6
4,1
17,0



Vehicle
‘Age {years)

TABLE 12

% of Vehicles

Heavy Duty Diesel Truck Travel vs Age

Annual Mileage % Distribution -

Miles Traveled

805;"' .

78,600
78,600
72,000
72,000
60,200
60,200
45,700
45,700
39,900
39,900

29,400

15,9
12,7
12,2

13,6



TABLE 13

NEW LIGHT DUTY VEHICLE EMISSION STANDARDS

COLD START CARBON OXIDES OF
YEAR STANDARD TEST HYDROCARBONS MONOXIDE NITROGEN
Prior to
controls 7-mode 850 ppm 3.4% 1000 ppm
7-mode (11 gm/mi) (80 gm/mi) {4 gm/mi)
CvVs-175 11 26 2.9
1966-1967 Calif. 7-mode 275 ppm 1.5% no std.
1968-1969 Calif. & 7-mode
Federal 50-100 CID 410 ppm 2.3% no std.
101-140 CID 350 ppm 2.0% no std.
over—-140 CID 275 ppm 1.5% no std.
1970 Calif. & 7-mode 2.2 gm/mi 23 gm/mi no stad.
Federal
1971 Calif. 7-mode 2.2 gm/mi 23 gm/mi 4 gm/mi
Federal 7-mode 2.2 gm/mi 23 gm/mi -
1972 Calif. 7-mode or 1.5 gm/mi 23 gm/mi 3 gm/mi
Ccvs-72 3.2 gm/mi 39 gm/mi *¥3.2 gm/mi
Pederal CVS-72 3.4 gm/mi 39 gm/mi -
1973 calif. Cvs-72 3.2 gm/mi 39 gm/mi 3 gm/mi
Pederal CVS-72 3.4 gm/mi 39 gm/mi 3 gm/mi
1974 Calif. Cvs-72 3.2 gm/mi 39 gm/mi 2 gm/mi.
.Federal CVS-72 3.4 gm/mi 39 gm/mi 3 gm/mi

The values in parentheses are approximately equivalent values by 7-mode test.

ppm - parts per million concentration

gm/mi - grams per mile

7-mode - is a 137 second driving cycle test.

CVs-72 - is a Constant Volume Sample cold start test.
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TABLE 13 (continued)

NEW LIGHT DUTY VEHICLE EMISSION STANDARDS

effectiwve

in 1968 for light-duty wvehicles.

Evaporative Emissians

‘ COLD START CARBON OXTIDES OF
YEAR STANDARD TEST HYDROCARBONS MONOXIDE NITROGEN
1975 **pC Calif. CVS-75 0.9 gm/mi 9.0 gm/mi 2.0 gm/mi
' **pC Federal CV8~75 1.5 gm/mi 15 gm/mi 3.1 gm/mi
**LDT Calif. CVS-75 2.0 gm/mi 20 gm/mi 2.0 gm/mi
**LDT Federal CVS8-75 2.0 gm/mi 20 gm/mi 3.1 gm/mi
1976 **pC Calif. Cvs-75 0.2 gm/mi 9.0 gm/mi 2.0 gm/mi
*%*PC Federal CvVs-175 1.5 gm/mi 15 gm/mi 3.1 gm/mi
**LDT Calif. CvVs-75 0.9 gm/mi 17 gm/mi 2.0 gm/mi
**LD'P Federal CvVs-75 2.0 gm/mi 20 gm/mi 3.1 gm/mi
11977 **pC calif, CvVs-75 0.9 gm/mi 9.0 gm/mi 2.0 gm/mi
**PC Federal CVS5-75 **%%0.41 gm/mi ***3.4 gm/mi 2.0 gm/mi
*¥*LDT. Calif. CvVs-175 0.9 gm/mi 17 gm/mi 2.0 gm/mi
*%LDT Federal CVs-75 NOT ESTABLISHED
1978 **pC Calif. Ccvs-75 NOT ESTABLISHED .
**PC Federal CVS-75 0.41 gm/mi 3.4 gm/mi 0.40 gm/mi
**EDT Calif CcVs-75 *k%%—0_ 9gm/mi ****17 gm/mi *%*** 2.0 gm/mi
*%*T,DT Federal CVSs-75 NOT ESTABLISHED
CVv8=75 - is a Constant Volume Sample test which includes cold and hot starts.
* - hot 7-mode
** - PC - Passenger Cars LDT-Light Duty Trucks
***-Subject to possible one-year delay
***% Assumed Value
Crankcase Emissions
On all new vehicles manufactured for sale in California after January 1, 1964,
crankcase emissions are virtually zero. Comparable Federal standards became

Evéporative emissions of'hydrocarbons have been 6 gms/ test for light-duty
vehicles since 1970, and 2 gms/test since 1972.
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TABLE 14

NEW HEAVY DUTY VEHICLE EMISSION STANDARDS

’ HYDRO- CARBON OXIDES OF
YEAR STANDARD CARBONS MONOXIDE NITROGEN
* 1969-1971 State-gasoline 275 ppm 1.5% no std.
1972 State-gasoline 180 prpm 1.0% no std.
1973-74 State~gasoline HC + NO_= 16 gm/BHP hr.
& diesel co = 40 gm/BHP hr. i i
1975-76 State-gasoline HC + NO_= 10 gm/BHP hr.
‘ & diesel co = 30 gm/BHP hr.
1977 State~gasoline HC + NO_= 5 gm/BHP hr,
& diesel CO = 25 gm/BHP hr. ~ -
gm/BHP hr. grams per brake horsepower-hour

* Federal standards remained at this level through 1973. The Federal
Government adopted standards for heavy-duty gasoline and diesel

vehicles for 1974 and subsequent model years which are identical i-
California's 1973-74 standards.

State Smoke Standards

1971 and later vehicles may discharge smoke no darker than Ringelmamn.l or
20 percent opacity for up to 10 seconds.

Vehicles sold before 1971 may discharge smoke no darker than Ringelmann 2 or
40 percent opacity for up to 10 seconds.

Crankcase Emissions
On all new vehicles manufactured for sale in California after January 1, 1964,
crankcase emissions are virtually zero. Comparable Federal standards became
effective in 1970 for heavy-duty vehicles.

Evaporative Emissions

Evaporative emissions of hydrocarbons are 2 gms/test, effective 1973.
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Speed: Correction.-Factor

1.5

FIGURE 1

Average Route Speed, KPH
10 30 50
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15 30
Average Route Speed, MPH

Speed Adjustment Factor for 1967 and Earlier
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Speed Correction Factor
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Speed Correction Factor

~ FIGURE 3
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Speed Correction Factor
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Speed Correction Factor
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1005
1610

1026
1030
1640
1090
1066

1970

1610
106730
1106
1110
1120
11350
11e0
1150
1160
1176

1180

1135

200

1215
1220

20145
1264

a

FREMEFACY CLEAR
LINE 1S 2000
REM KuHxX PROGRAM EMEAC ®%+ %k
CALCHLATES EXPECTED PCLLUTANTS FROM MIGHWAY
TRAFF1C }N GRAMS/MILE FRCOM DATA NPT FROM
TERMINAL

REM  MOLLFLIED BY R, WEBERs SEPRT, 1970
REM  PROGRAMMED HY C, FRAZIER, JULY 1378 FOR

CNVIRONMINTAL IMPROVEMENT <& TICON
TRANSBCRTATION LARCRATORY '
CALLIFCRNIA DERPARTMENT OF TRANSPORTATION

PRINT _
PRINTs Vkkkxx UPDATED SEPT, 1351974 skksn?

PRINTIYINCLUDES LATEST COMMENTS AND STANDARDS FRCOM ARHY

PRINT
REM

M = % VEHICLE DISTRIBUTION

‘ L = RETERICRATICON FACTGRS = LDV

H = DETERICRATION FACTORS = HDY
RoM S = SPEED CORRECTION FACTORS

F = YEHICLE EMISSICGN FACTORS
LEMY =6y ?OTARLIEST MODEL YEAR LIMIT - MAT L
SEMY =AY !OEARLITST MCODEL YEAR LIMIT - MAT <
FEMY=#0 ! EARLLIFST MODEL YEAR LIMIT = MAT K
LLMY=7q P LATEST MODEL YEAR LIMIT — MAT L
SLMY =T ! LATEST MODEL YEAR LIMIT = MAT €
FLvy=rg ! LATEST MODEL YEAR LIMIT -~ maT F
MAGE =T TAGE LIMIT FOR % CISTRIBITICON
LAGEH= ' AGE LIMIT FOR DETERICRIATION = LDy
HAGE 2 ! AGE LIMIT FCOR DETERICRIATICON - HDY
Cr =ty T3=3 ! OSTEE BELOW
R C(1) = AUTOMOBLILES

C(2) = LT DUTY TRUCKS

C(3) = GAS POANFRED HN TRIICKS

Clly = DSL PCWERED HD TRUCKS
KM TU1) = CARBON MGMOYIDE

T(2) = NITROGEN CXLIDES

T{3) = HYNCRCARBONS -~ DXHAST

T(L) = HYDROCARHONS - CRANKCASE & mVAR,

D1

M(“AGE!C)rL(T3ILEMY:LLMYPLQGE)rH(T3vD3HAGE)r
S(STMYZSLMYOSDQ)'F(FEMY=FLMY0C!T)

NPT CLLDe BINARY» RANDGM

CPEN YSILARIEMF LS s lelt
LMl pH S 1

1
MAT 1INPUT FRCOM 1 AT

Krxkk INPUT PROBLEM PARAMETERS k&ksxk

-4

PRINTES.IOR TYTLES 3
INOHT TITS
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55 PRINT

1260 PRINTIYPERCENT CF HDV THAT ARE D1ESEL POWERED.*
1270 PRINTI'IF NGT KNCWNs ENTER 10 FOR STATE AVERAGE'?
T1200 INPUT HDVD

1270 1F HDVDKSE100 THEN 1310 ELSE PRINTS

i TPLEASE INPUT YALUE LESS THAN CGR EQIJAL TG 100%:

. 1300 G6GTC 1280

. 1310 HDVD=E, 01xHOVD

| 1320 PRINT

13%0 PRINTITELEVATICN LESS THAN 3300 FERT (YES CR NG
1340 TNPUT ANS
1350 1F ANS=TYEST GR ANSZ'NCGTY THEN 1370 ELSE PRINTY
. tPLEASE ANSWER YES CGR NC' 3
1 1360 GGTC 1340 '

Y4370 1F ANST'YESY THEN TH=TLESS'y K=2

, FLSE T$='GREATIR'y K=3

1300 MAT IMPUT FROM 1 AT KiIF
- 1390 CLGSE 1

1400 PRINT

1802 PRINTITLIS STUDY WITHIN LA, VENTHURA) CRANGT s SANTA BARBARA Y
1403 PRINTI'SAN AERNADING CR RIVERSINE CCUNTLES? (YES CR NO)*®:2
1o0u INPUT ANNS
. 1486 PRINT _
S 1610 PRINTHYREACTIVE HYDRCCARBONS tYES CR NG Ui

TV oqeen YNPUT ANS

1830 1F ANB=YYEST GR ANS2TNG® THEN 1450 ELSE PRINTS

L YPLEASE ANSWER YES OR NG':
10 GOTC 1420 )
1450 1F ANS=S'YES® THEN HCSZYREACTIVE HCY, HC=1
FLSE HCS=' TCOTAL HC ts HC=0

L1660 PRINT

i
I -

|, 170 PRINTIVENTER NG, YEARSs PRECICTION YEARS®:
L1e80 MAT LNPUT NY(1)» YRINY (1))

| . 1895 PRINT

;

|

1500 PRINTITN'IMBER OF CALCULATICONS FOR EACH YZAR®!
i 1510 INPUT NC "
e 1920 PRINT . T

1530 DIM PCTINC) ¢ SPDINC)
| 1540 PRINTHYENTER %HDVe SPEED FCORDY
1590 FOR 121 TC NC
]
|

1560 | PRINTHITCALC, '21:TAB(15):
1570 INPUT PCT(I1,SPD(Y)
. 1589 IF PCTII)<=100 THEN 1600 ELSE PRINT
! TINVALID INPUT = TRY AGALNY
o 1%90 SCTC 1560 -
i 166590 PCT(LY =, 01%PCT(L)
. 1610 SPR( 1) =MIN(SPD( 1) # 65)
1620 NEXT 1 !

P skkkx BEGIN CUTPUT stk
PAGE FOR LACH PREDLCTICN YEAR YR(LY

1630 FGR 121 TC NY(LY
1640 1F YR(1)>39 THEN YR{1)=YR(1)=1900

9 0 sogh



1650

16460
1749
1600
1670
1631
16735

1709

1710

1720

1736
1‘7L|

1796
1760

1778

1780
1730

13560

1310
1820
1850
1380

842
1850
1860

187

15880
18739
129006

19106

PRINT
PRINT

CHAR(12)

PRINTITYITS

PRAINT

PRINTIFALTITUDE TITHIY THAN 3900 FEETY
PRINT
TF ANNT=YYESY THIN PRINTS

FPROJECT 1S WITHIN THE 1966-70 RETRCGFIT AREAY
IN FCRM™/3BFPREDICTED YEHICLE EMISS1ON FACTGRS®

' FCR YEAR'S%///8BVYYEHICLE DISTRIBIUTION = % AYG,
LRYPOLLIITANT  GRAMS/MILEY /"2 1900+YR( 1} o
IN FCRM"3BtAUTO LU TRK  HD GAS HD DSL Mg Py H,
HBYCCTLR 11% LBYNGXY//™IHCS.

PRYNT

PRINT

REM

*okkqx START AN 1
CALCULATE % D1

DAL CALCN ATICON stk

N1V
STRIBUTION BY VEHICLE TYPE

FOR J=1 TO NC
1F J=1 THEN 1760

1F

PCT(JY=PCT{U-1) THEN PRINT FLSE 1770

PLIHDVYDRPCT(JY e PIZPCT(J) =Pl
K=1=RPCT(J)r P12,87%Ky P23, 173%K

CCor

.
CET

HC1»HC2o NCX=0 ! INITIALIZE PCOLLUTANTS

FCR K=1 TCO MAGE
MY=SYR(1)=K+1»
LMY=MAX(L_EMY s MIN(MYsLILMY) ),
FMYSEMAX (FEMY e MIN{ MYy FLMY) ) s
SMYZMAX (SEMYp MIN(MY SLMY) )
C1=P1%M(Ks1l)s C2=P2%M(Ky2),
CHzZPI*RM({KeD)r CLEPLAM(Kpt) 13

*kkkx LIGHT DUJTY YEHICLES ®¥kkx

AG EMIN(Ky L AGE)

TCEL(Ly LMY » AGT ) R (CLRF (FMYr 1o 1) +C2%F(FMY,2,1))
TN=L (29 LMY AGT Yk (CIRF(FMY» 121 +C2%F{FMY2:2))
THEL (3 LMY AGE) R (CL*F(FMY 1 ¢ 3} +C2RE(FMYr2,3))

AFTER 1370y CORRECT FCOR RETRCOFIT KITS ON
1366 TG 1970 MODEL YEAR VYEHICLES

IF ANNBZYNG' THEM 10870

1F YR(1IC?S THEN 1870
1F MY>H% AND MY<71 THEN
TC=¢B3%XTCr TN, 63% TNy TH=, 66X TH !

k&kokk HEAVY DUTY VEHICLES %k%xkkx

TE MYDTH THEN AGESMIN(KyHAGE) FLSE AGE=

TCETCHH{L» AGED X (CIXFIFMY s 39 1) +CURF (FMYottp 1))
TNZTNHH(2 ¢ AGE) R (CORF (FMY» Do 2 ) +CLRF (FMY L,2) )
THETHHH(3 ¢ AGED) ¥ { CIXF (FMY 1 3¢ 3) +CLURF(FMYtly 51} 1

CORRECT CONCENTRATIONS FGR SPEED
RCfMIN(SPD(J)rS(SMY:i-ZI/ﬁZ*S(SMYv193)))n
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1336
ERELSY

1350

1966

1970

1980

1990

2060 PRINT

>

=LCGGIN
#
ACCCUNT?
PASSWORL S

RHEMIN(SPRUIJY e S(EMY e 392) 7 {24S{SMYr 32 31))

CoO=EXP{S{SMY T+ 1) ~S{SMY e 1+2)%kRC+S(SVYr1 s I} xRCKRCI %
TC/S{SEMY el ) +CO

NOXZUS(SMY 2, 11 +S(SMY 1222 %SPR(J) IR TN/SISMY» 24 1) +NOX

HCL=EXPIS(SMYr32 1) —~S{EMY» T 2)RkRHFS(SMY s 30 3) #RHERH) %
TH/S(SMY e Jp L) +HCT ¥

ARD CRANKCASE & TFTVAPCORATIVE HYDRGCARBGNS

HC2=HC2+CI1%F (FMY» 1o 2)+CO2xF{FMY»294)
CHCIAXF(FMY D28 +CLURF (FMY Ly L)

NEXT K !

PRINT POLLUTANT CONCENTRATLION

1F HC THIN THC=, 7S%xHC1l+,67%HC2

ELSE THC=HC1+HC2

PRINT IN FORMTSHH® . % 8%, % 6%e% 5%:% % TH, %5 2(8%,%%) /'

1N00*PLe100%P2,100%P3» 10GkPL» SPR{J) » CCr» THCe NCX

NEXT Jr ) ‘

CHAR(12)

TENET 210 TIME-SHARLING SYSTEM 1643 093/13/778 32

SILAB

== o



-

co1
coz2
003
oo4
005
o606
607
008
009
010
011
165
166
167
168
169
170
171
172
173
174
175
176
265
266
267
268
269
270
271
272
273
274
275
276
365
366
367
368
369
370
371
372
373
3Ty
375
376
4ni
402
403
Les

ue6

467

220
<159
122
105
<098
«071
« 052
<046
2 037
022
» 068
1.00
1.13
1.11
1.24
1.42
1.18
1.18
1.18
1.18
1.18
1.34
1.34
1.00
1.00
i1.00
1.00
i.00
1.00
1,11
1,11
1.11
1.11
1.11
1.34
lion
1,14
1.07
1.12
1'10
1.05
1.05
1.05
t.N5
1.05
1.85
1.45
1.00
1.0n
1.00

5.33475
3.17413
?.8833A4
4.88181
3.15622
2.6(‘}1”’5
L.88181
3415629

262
222
124
«100
« 067
042
« 030
+ 030
021
015
« 0R6
1.00
l1.21
1.18
1.35
1.53
1.32

1.32

1.3
1.32
1,32
1.77
1.77
1.00
1,00
1.00
1,00
1.00
1.00
1,18
1.18
1.18
1.18
1.18
1.77
1.00
1.22
1.10
1.18
1,16
liln
1,10
1.1‘0
1.10
1.10
1.95
1.95
1,24
1.11
1.12

COPY SILABIYEMFILE

L1384
161
.097
.100
.087
.070
o
.050
046
041
.170
1.00
1,24
1.23
1,41
1,59
1.38
1.38
1,38
1.38
1.38
2,14
2.1k
1.00
1.00
1.00
1.00
1.00
1.00
1.20
1.20
1.20
1.20
1.20
2,14
1.00
1.25
1.12
1.21
1.18
1.13
1.13
1,13
1.13
1.13
2.40
2,40
1.35
1.18
1.18

TO TEL

150
127
2122
136
. 091
« 068
« 368
056
043
« 033
087
1.00
1.25
1«29
1.47
1.63
1.40
1.40
1.40
1.40
1.40
2.42
2.42
1.00
1.n0
1.00
1.00
1.00
1.00
1.21
1.21
1.21
1.21
1.21
2.42
1.00
1.27
t.38
1.23
1.21
1.15
1.15
1.15
1.15
1.15
2.76
2.76
143
1,260
1.22

6,06K580E-2
3.85334E~-2
5.,99767E~2
6.21854E=~2
2.98311E-2
5.98232E~2
6.218h4F~2
2.38311E-2

.

1.00
1.28
1.35
1,53
1.68
1.4
1,04
1.4l
1.04
1.404
2.73
2,73
1.00
1.00
1.n0
1.00
1.00
1.0n
1,22
1.22
1,22
1.22
1.22
2.73
1,00
1.29
1.15
1.26
1.23
1,17
1.17
1,17
1.17
1,17
3,10
3,14
1.50
1.22
1.25

n

N

0

1.0n0
1.29
1.40
1,58
1.71
1..47
1:87
1.47
1.47
1.47
2.99
2,99
1.00
.00
t.00
tenn
1.00
.00
1.23
1.23
1.23
1.23
1.23
2.99
1.n0
1.30
1.17
1.2A8
1.25
1.20
1.20
1,20
1.2“
1.20
3.’46
J.U6
1.057
1.23
1.28

H.7AR4P1E-4

6,18078E~-1

5, 6325550
6+1897RE~L

1.00
1.31
1,46
1.63
1,75
1,50
1,50
1,50
1.50
1,50
3.26
3.25
1.00
1.00
1.00
1.00
1.””
1,00
1.24
1.24
1,20
1.24
1.20
3.26
1.. nn
1,32
T.18
1.30
1,28
1,22
1.22
1,22
1,22
1,22
3,79
3.79
1.63
1.20
1.30
78.R9
3,93
7.62
49, un
3,74
54,50
uo, uy

1.00
1.32
1.50
1,67
1.79
1,51
1,51
1.51
1,51
1,51
. uR
AHR
i1.nn
1,00
1.00
1,00
1.00
1.0
1,25
1.25
1.25
1.25
1,25
3,48
1,00
1.33
1,20
1,32
1,29
1.24
1.24
1.2“
1,24
1.20
4,07
T
1.9
1,25
1,33

3,74

93

1.00
1,34
1.56
1.72
1.82
1,56
1.56
1.56
1.56
1.56
3,77
3.77
1.00
1,00
1.00
1.00
1.00
1,00
1.26
1.26
1.26
1,26
1.26
3.77
1,00
1.35
1.21
1.35
1.31
1.26
1.26
1.26
1.26
1.26
4,02
n,.up
1.73 1,77
1.27 1,28
1.36" 1,38



468
469
470
n71

560

561

562
563
5604
565
566
567
568
569
570
571
572

573

574
575

576
577

578
660
661

662

663
664
665

666
667

668

669

670
671
672
673
674
675

676

677
678

2.66145

5.22263
4,2u644
2.70316
520578
5.83611
2.54636
5.01179
4,93157
2.162487
5.01669
4.,49361
2.0u4527
87 3.6
87
R7
87
87
a7r
51
50
46
39
36
34
19
19
19
4.8
4.8

NN G U U1 G O O G Gl

- - L) - L * L] L] L ] - - L ] - *

VOO0 LO NANUNGENARRNOUEEROD G

-

g
= DO VNN R e e e e e
¢ 8 * s s 0 s s (Hie #a

OO0 FFWOGPON 0D

(e = 8 » & & s & & o

5.98232E~2 5,63255E-4 5,50

6.5194TE~2 6,.,00809FE~4
2.71939F.p 0
65.63011E~-2 5,08211E-4
T« 71552E~2 6,59770nE=4
2.75849E=2 0
6.26878E-2 5,79023E~4
7e71946E-2 6, 40350F-4
U.66796E~-2 0
5.69538E-2 5,58732F-4
7.52438E~2 6,08591E-4
4,28722E-2 0
$5.92347E=2 S.6T3UZE-4
8.8 7.1 87 3.6 8.8
8,8 3.8 87 3.6 A.8
8.8 3.8 87 3.6 8.8
B.R 3.8 B7 ~ 2,6 8.8
8.8 3.“ R-’ N 3.6 Rl‘q
8.8 3.0 A7 ’ 3.6 Bo'q
6.0 3.0 5% - 3.4 &,.,0
4,6 3.0 50 Jel U.A
Lo5 340 - 46 8,3 4.5
4.4 3,0 39 5,5 4,4
3.6 0.5 36 5.1 3-6
2.9 0,5 34 3.5 2.9
2.7 0.2 19 3,5 2.7
2.7 N2 19 2.3 2,7
2.7 1.2 19 2.3 2,7
Ns5 042 10,6 1.5 1.1
n.5 0,2 9 1.5 0.5
23 N2 9 1.5 0.5
23 0,2 9 1.% n,5
10 7.1 130 1.9 10
10 3,8 130 1.9 10
10 3.2 130 1.9 1n
10 3.8 130 1.9 1n
160 3.0 130 1.9 10
10 3.0 130 1,9 10
6.8 3,0 76 1.8 6,8
5.2 3.0 75 1.8 5,2
6N 3,0 T4 2.2 6.0
5.4 3.0 4R 2.6 5.4
6.1-0.,5 72 2,8 6.1
5.3 0.5 TH 2,3 5,3
4.9 0,2 42 2,3 4,9
4.9 0,2 42 1.4 4,9
4.9 0,2 42 1.4 4,9
N.9 0,2 23 0.9 2.0
0.9 N,? 200 0.9 0.9
«23 0.2 20 0.9 0,9
+23 0.2 20 0.9 0.9

65.08
t,78
5,12

51.78
638
4 67

42,30
5485
3,53

83,63
5433
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SECTION 5
AIR POLLUTION METEOROLOGY AND ATMOSPHERIC TURBULENCE
Importance of Meteorology
Ag Determines how pollutants are transported and dispersed,
B. Indicates areas of high air poliution potehtial.
C. Indicates the best type of highway design which
disperses pollutants most efficiently (e.g. elevated

vs. cut sections).

D, Indicates the most favorable highway route in terms of
dispersion of pollutants

E. Determines the most probable and worst meteorological
conditions to disperse pollutants.

F. Meteorological parameters are inputs to all airx quality
models which predict air quality.

Ge Most important meteorclogical parameters which effect
air quality are wind speed and temperature stratification.

Scale of Motion

A, Microscale
B, Mesoscale

Ce Synoptic
D. Macroscale

E. See Figure 5-1
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IrT, Specification of Winds and Stability in Air Pollution

Meteorology
A, Wind
1. A vector quantity - speed and direction must

be specified

Streamlines - get of lines indicating wind
direction at a given time in a particular
region, (See Pages 43 through 45 in
Meteorology Manual, )}

Trajectory - the path in space which a parcel
of air follows in responsge to the wind field.

Isotachs - get of lines giving the wind gpeed
distribution over a particular region at g
given time,
Wind Rose - g circular higtogram of wind
directions at a particular point, showing
the climatology of the wind velocity vector.
-See Figure 5-2
Vertical variation of the wind - wind shear,
«Function of surface roughness

D

wind shear = ——
3

«S5ee Figure 5-3
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LIGURE 5 -2
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600

500

URBAN AREA SUBURBS LEVEL COUNTRY

GRADIENT WIND

400 GRADIENT WIND
HEIGHT o8
{(m)
300 a5
GRADIENT WIND
200 95
o4
|
100 86
78
65
o]
o] 5 10 C 5 10

WIND SPEED (m/sec)

SOURCE: "Prediction of the
Dispersion of Airborne
E ffluent” 1968 (ASME )

EFFECT OF TERRAIN ROUGHNESS ON
THE WIND SPEED PROFILE
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Be Temperature Stratification
1. Temperature and potential temperature.
2. Temperature soundings - See Figure 5-4.
3. Temperature Time Sections - time height
representation of temperature stratification,
useful technique for following and predicting

day-to-day variations. See Figure 5-5,

4, Surface layer vertical temeprature gradients:
effects of land use.

IV. Macroscale Considerations

A. Global regions Of subsidence and formation of
elevated inversion layers.

B.  Global air stagnation regions.
l. Subtropical high pressure systems.,

.Pacific_high
«Bermuda high

Vo Synoptic Scale Weéther Systems and Air Quality.
.A. Structure of westerly waves and fronta,

1. The jet stream
2. Location of cold and warm air, precipitation

B, Preferred locations of enhanced convective mixing vs.
air stagnation,

100



C. Cold Front Characteristics:
l. Have steep slopes due to friction of earth's
surface,
2a Caugse warm air to rise resulting in cloud
formations.,
3. Storms are violent with narrow widths.
CZLauo;
C‘”‘" WARM
AR
4 7/ /’
s' 7ZJ£M WiIbrH
D, Warm Front Characteristics:
1. Have shallow slopes,
2. Weather is less violent than cold £fronts.
3. Has wider weather band.
4, Lower wind sgpeeds.
E. General Characteristics of High and Low Pressure Areas:

1.

Winds blow from high to low pressure areas.
In Northern Hemisphere winds blow clockwisge around

high pressure cells and counterclockwise around
low pressure cells.

10l



- ‘Air Qlality Related to Pressure Systems.

1. High pressure areas tend to stagnate:

a.
b.
C.
d.

e.

Clear skies

Strong surface inversions at night
Light wind speed, bad ventilation
Bad for air pollution

Flat pressure gradient

2. Low pressure areas result in:

a.
b.
C.
d.

High surface winds

Good circulation and ventilation
Best for air pollution

Steep pressure gradient

G. ~Santa Ana and Northerly Winds.

“lo02
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VI.

Meso- and Micro- Scale Meteorology and Air Quality

A. Mesoscale Wind Systems

1. Sea or lake breeze - daytime conditions.

Warm \F

/s 7 ’ g

rTemperature difference

) 1

et
@. CDOL
7 y

changes in
air densities

force

Pressure -
gradient P, D> P1

Sea breezes are generally strong near ocean. Most
dominating when their exists a maximum temperature
difference between land and water.
time is generally the season of a donminating sea

breeze.

105
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'2. Land Breeze - occur during night periods and early
mornings (mesoscale)

. <
Kisive
A IR
— > ,M//
Cecp  F w
. AR M
7 7 / ‘:>\\‘ , 7 A
F>%
4 /7
3. Mountain breeze system
B. Nocturnal Drainage Winds - similar to land breeze.

Strongly related to topographic effects (microscale)

l. Function of relative air densities between ground
surface and air.

2 Function of terrain.
3. Function of slope of terrain.
4. Function of surface roughness.

5. Generally light winds < 7 mph.

Ga Most dominating during winter because maximum
radiation cooling of land surface.

7e See Figure 5-6
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&Fmésoscale temperature stratification

1. Environmental Lapse Rate - Change of ambient
temperature with height

2. Nocturnal or Surface Based Inversionsg
3. Elevated Inversions
4, Effects of inversions on mixing and air quality

l. Subsidence - mogt dominating in summerx
in west,

2. Séa_breeze
3. F;pntal

.High vs. low elevated inversions
«Surface base inversion

Microscale Sﬁability: Effect of land use and wind
speed -

Effects of Topography on Wind Flow and Pollution
Dispersion

1. Effects;bf elevated inversion - See Figure 5-7, 8
2. Channeling windg - See Figure 5-9

3. Uneven heating of ground surface - See Figure 5-10
4. Drainage winds and up-valley winds - See Figure 5-¢
5. Effects of valleys and passes - See Figure 5-11

Wind Direction Reversal with Height

1. Occurs for sea breezes and other mesoscale
wind systems,
2. See Figure 5-12
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VERTICAL SECTION

jf.;__ “TOPOGRAPHY EFFECTS ON WIND
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AVERAGE SACRAMENTO WIND
JULY 10, 21 AND AUGUST 4, 197!
0600 - 0200 PDT

3000 —

HEIGHT (m) 8
o
o

1000 t—

l ] | | ]
-2 -1 0 i 2 3 a
WIND SPEED (ms™")

The overall average Sacramento Wind profile for July 10, 21 and August
4, 1971 between the hours of 0600 - 0200 PDT.

114 Figure 5-12



VII. Introduction to Atmospheric Turbulence
Definition: Random fluctuations of wind velocities.
A, Types of Turbulence
l. = Mechanical Turbulence

e flow of air over obstruction, trees, houses,
etc.

b. wind shear; function of gurface roughness.

Cae mixing cell - caused by the motion of mo#ing

vehicles; most dominating in microscale analysis.

2, Thermal Turbulencé

e caused by the heating of the ground surface

by incoming radiation from the sun (heat
fluxes)

WARM RIE
& oL

O

CON VE!\C:'IE AlCE AREA

- (HVERGENCE A RE A

INVERS IOA/ £ 1D

o e
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3, Moléodlar Diffusion - caused by molecular motion
of molecules.

a. minor compared to mechanical and thermal
turbulence,

NOTE: HIGH DEGREE OF TURBULENCE IS DESIRABLE TO
DISPERSE AND DIFFUSE POLLUTANT CLOUDS

RESULTING IN LOW CONCENTRATIONS.

TURBULENCE CAN BE CONSIDERED AS A
MEASURE OF THE SPREAD OF A PLUME,

B. Environmental Lapse Rateg’

1. Dry adiabatic lapse rate or Neutral

a.  Ah= AU+ AW ; Ah=0 ((No Hzar Loss)
Y= "5'4”%‘9&)/—'7“ orR “‘Ioc‘/lmm

be. No vertical accelerationg; thermal equilibrium.
Ce Weather conditions - day or night condition.

(1) high winds » 12 mph - strong winds
dissipated heat buildup (24h)

(2)'overcast skies -~ clouds reflect
incoming radiation

(3) change in maximum and minimum temperature
for day < 1lo°r.

11ié



Ce.

d. Wind trace

A , = HogizomTAL {tin
¢°' —i— H pleescrion Ia
H

,WW%&W{W‘\ _}é DEGREES

30" ¢ AL 40

L_. -......m,-.‘._...—...,._r.... - 7
TIME

e. Plume dispersion characteristic

(1) Coning - ideal for modeling purposes

et el S S )

Superadiabatic lapse rate (air is.dooler at a given
height than corresponding neutral atmosphere).

N\
1 i yﬂ’”éﬁ)
- 1l \<,,wst-..‘...._,_m._m \(e.: Super
N
TemP
2. large vertical accelerations

3. buoyant forces dominate
4. unstable condition - generally results in low

pollutant concentrations.
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5. W:Lnd trace

A

N
@b, / ; VY \ \f- 4o

-"h.-dl-J -

j‘r O'K AL IBCT
N

. . - >
T /mE

6. weather conditiong - daytime

a. light winds, clear skies

7. Plume dispersion - looping plume
f"-
_ s
)
— r
C ¢
I
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aT

D. Inversion Bﬁé = gﬁg = positive (Air is warmer at
& given height than corresponding neutral atmosphere) .

1. inversion - temperature increasges with height
2. 'BEZ 2 %}3 and is positive
Example: = +2°F/100/ft
3. stable conditionsg - negative acceleration, bad
for air quality
4, weather conditions: surface based inversion,
nighttime and early morning, clear skies, light
windg
N //wHD .
e L IANVERSION
H s
A v '
hY //
'\\ /"
"\ e
e et ettt e _..,..}
TEmpP
5. plume dispersion - fanning plume
L ‘ e
M
‘-"‘——>' ~ - d “ P
- Vi ' ~
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E.

_ Hcé.

1.

2.

4,

" wind trace

ﬂ_fﬂﬁ\hba_’”r‘ sguare wave, very

small fluctuations

5S¢ AL 0]

" pffects of Surface Roughness on Turbulence

Land use vs8. Mechanical and Thermal Turbulences
a. flat open areas

be. single dwelling

Ce industrial zoning

Thermal Conductivities

a, Natural

b. Man—-made surface

Ce Changes or gradients in heat fluxes

Wind Shear — function of roughness and mechanical
turbulence

See Figure 5-13

VI. Method to Estimate Atmospheric Turbulence

A

B.

Pasquill - U, cloud cover, day or night

murner - modified Pasquill to include ceiling height,

time of day and solar angle.
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C.

b,

E.

A.

T's - measure lapse rates

Properties of turbulence controlled by R, = T/Uz,
indicates relative importance of atability effects

(in creating or auppressing'turbulence) and generation
of mechanical turbulence,

Richardson Number, Monin-Obukhov length - further
research required for transportation applications.

VII. Classification of Surface Atmospheric Turbulence

Pasquill Classifications, function of

1. season of year

2, time of day

3. insolation - solar geometry
4, wind speed

5. cloud cover

6. ceiling height

Classifications surface stability:

A= extremély unstable
B = unstable

C = slightly unstable
D = neutral

E = glightly stable

F = stable.

General clagsification

A, B = unstable (superadiabatic)
C, D = neutral (dry adiabatic)
E, F

Il

stable (subadiatic and inversion)
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D. Pasquill $tability Classes Related to Air Quality

1. Microscale

A) .

B generally favorable; low concentrations
C buoyant or inertial forces dominate the
D} dispersion.

E} unfavorable; high concentrations; very

F little turbulence, surface based inversion.

2, Mesoscale (assuming elevated inversion)

A} light winds, poor ventilation,

B high secondary pollutant concentrations.

d} strong winds, good ventilation;
low concnetrations.

E light winds, surface based inversion,
poor ventilation, high primary
pollutant concentrations.

Plume Dispersion Characteristics
According to Pasquill Stability Classifications:

1. Stability Class A-B (Unstable)
a. looping plume

2, Stability Class C-D (Neutral)
Qe coning plume

3. Stability Class E-F (Stable)
a. fanning plume ‘

i
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F. Fumigation - breakup of a morning surface based inversion
caused by thermal heating of surface of earth.

Z ool Al e e
‘..---\r’l"w" * ] rale /\
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 PASQUILL STABILITY CLASSES

Daytime Night
Surface Wind Ingolation Thinly Overcast
Speed (m/sec) Strong ~Moderate Slight or 3/8
4/8 Low Cloud Cloud
2 A A-B B —— -
2=3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
6 C D D D D
Maximum Insolation For California
Month Insolation
Jan, Feb,
Mar, April Moderate
May, June,
July, Aug Strong
Sept, Oct, Moderate
Nov
Dec S8light

The stability Category D should be assumed for overcast conditions
during day or night.

H,

Richardson Number (Ri)

4.

General Equation See Figure 5-14

Characteristics of Ri —- See Figure 5-15
Turner Stability Categories as a function

of Ri -~ See Figure 5-16

Field measurements to calculate Ri —- See Figure 5-17
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g

Plume Dispersion Characteristics as a Function of
Surface Stability

1. Elevated source - See Figure 5-18
2. Highway Sources - See Figure 5-19

Diurnal Variation of Meteorological vVariables

1. Surface lapse rateg - See Figures 5-20, 21 _
2. Urban vs. rural lapse rates -~ See Figure 5-22
3. Horizontal and vertical wind directions -

See Figure 5-23, 24
4, Turbulence vsg Ri = See Figure 5-~25

Summary of Lapse Rates

[
-

Superadiabatic - unstable

Neutral or dry adsabatic
Subadiabatic - slightly stable
Isothermal - slightly stable
Inversion - stable

See Figures 5-26 through 5-28

(=) R ©) S SN 75 B )
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'/ BASIC SUMMARY METEOROLOGICAL REQUTREMENTS

1.

2.

3.

Wind speed and direction

Wind changes with horizontal and vertical distance from
source,

Wind changes due to topographic features (hills, valleys,
lakes, etc.)

Wind changes with time (daily and seasonal variations).

Turbulence in the air mass for mixing in horizontal and
vertical,

Turbulence changés with weather conditions., '

Turbulence changes with topographic conditiéns (surface
roughness) .

f

Separation of mechanical and thermal turbulence.
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VIII. Aerodynamic Effects of Air Flow Affecting Air Quality
A. Mean Flow Around a Cubical Building
1. Background flow

a. Air flow separation
Displdcement f£low

Wake region

Cavity zone
Velocity profiles

See Figure 6 Meteorology Manual
Location of Wind Stations

~ o Ul o W b
.

a. top and corner of buildings
b. cavity zone '
Ca wake region

B. Air Flow Over Fills

1. convergence
2. Separation
3. Cavity zone
a. Sink for gaseous pollutants
b. Entrainment of-particuléte matter
4. See Figure 5-29 | |

C. Air Flow Over Cut Sections

1. Separation
2. Pollutant Potential
a, restrict horizontal dispersion
b. confine heavy particulate matter
3. See Figure 530

D. Highway Designs Affecting Agricultural Production

1. Highway £ill
2, Dam cool air
3. Citrus orchards
143
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Estimates of Length of Cavity Zone

1. Cubical building
2. Highway £ill
3. See Figure 7 in Meteorclogy Manual

Downwind Aerodynamic Effects on Dispersion of Pollutants
From Highway Line Sources

l. Viaduct Section - See Figures 8 and 9 in Meteorology
Manual.

2. Deep wide valley - See Figure 10 Metecrology Manual.

3. Winds parallel to Valley Axis - See Figure 11
Meteorology Manual.,

4, Land Forms - See Figure 12 Meteorology Manual.

IX. Urban Heat Island

A,

Definition: Difference of temperature between rural
and city environments

Range: 2-5°F

Maximum: San Francisco 10°C from CBD to Park

Possible Cause
1. Cbmbustion and dissipation of other energies

E Motor Vehicle
b. Industrial
C. Domestic

2. Blanketing effect of urban atmospheric pollution,

a. Pollution cloud at night absorbs and re-—
emits thermal r%diation from the city

resulting in large nocturnal temperature
excesses,
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3. Little evaporation or plant transpiration in city.

A Rn = LE + H + ¢ (Energy Balance)
Where Rn = net radiation
) H = sensible heat flux
LE = latent heat flux
G = soll heat flux
dolar radiation must go into heating the city
gtreets, buildings, etc.

4, Man-made materials {concrete and asphalts)
surfaces have lardge heat capacities and
conductivities.

ae City can absorb large amounts 6f heat
relative to rural soils during the day
which becomes available at night for
noctural radiation losses.

SUMMARY OF CAUSE:

In general these arguments or explanations suggest strongly that

the urban heat island is a result of a complex set of interacting
physical processes.

Characteristics of Urban Heat Island

1. Nighttime excess temperatures are the largest.
2. T excess o to city size

- 3. . .T excess "= -

- C. Applications to Air Quality

1. Plume dispersgion city vs. rural

See Figure 13 in Meteoroloegy Manual
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GROUP PROBLEM ON PLOTTING SURFACE STREAMLINES

Xe

EXposures of Surface Wind Systems

A.

Need for criteria

l. Inconsistent exposure

a. APCD
b.  Airports
C. ARB

d. Other sourcesg
2. Difficult to compare data
Criteria Based on EPA Recommendations

l.. Flat open areas
a4«  See Figure 14 Meteorology Manual

2. ~ Build-up areas
Qe See Figure 15 Meteorology Manual

3. General modification of criteria for urban areas
Wind Sensor Exposure on a Tower

l. Aerodynamic effects

2. Accurate measurements

3. See Figure 16 Meteorology Manual

Wind Sensor Exposure on a Stack

1. Aerodynamic effects - Von Karmen Vortices

2, Aerodynamic effect of Sensor on telephone pole

3. See Figure 17 Meteorology Manual

Slides of Exposure of Meteorological Wind Stations
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ITI. Data Analysis

SECTION 6

REDUCTION OF METEOROLOGICAL DATA AND METEOROLOGICZ'XL SURVEYS
I. Sources ofuMeteorblogical Data
P A, Refer to.Pége L1l of Meteorology Manual .
B. Collection.of Meteorological Records

1. Minimum of 5 years

2 Pacific Standard Time vs. Local Time

A, Time Periods to Analyze Meteorological Data

+Because the NAQS are based on one hour exposure
times, prédictions of air quality must be made on
~an hourly basis. Therefore, meteorological data
must be reduced on - hourly basis.

1. The f£ollowing should be considered when reducing

meteorological data to describe a typical and

bad day.

a. weekday traffic variations

b. weekend traffic variations

c. recreational traffic
: da holiday traffic
i~ S, pollutant seasons - winter and summer
| £

combination of above for source and meteorology
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2. ' Guidelines For Time Periods

Aa See Page 67 of Meteorology Manual

AT THIS POINT IN THE COURSE THE STUDENTS SHOULD BE ABLE TO
ANSWER THE FOLLOWING:

1.

Are yearly or monthly wind roses of value to predict air

quality for a typical or bad day? Can any use be made of
this information?

B. Computer Programs for Analyzing Aerometric Data
l. WIND2 - determine wind roses only

2.  WNDROS =~ determine wind roses and stability
‘ distributions from data on magnetic tape,

3. STAR2 - determine wind roses and stability
class distributions from raw data on punched cards.

C. Computer Qutputs

3

1. Tabular wind rogse - See Page 133 of Meteorology
Manual,

a. Prevailing wind direction
b. Wind speed group
Ce Calms - function of sensitivity of wind

system.

2. Most probable and worst meteorological conditions.
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a. See Pages 130 through 136 in Meteorology
Manual.,

b. Cluster of wind directions for Stability
Class F.

Ce High wind speed ( »10 mph) or overcast

‘ skies for Stability Classe D,

d. Light winds for Stability Class A,

ITI. Meteorological Surveys

See Pages 34 through 45 in Meteorology Manual for details.

A.

Purpose

1. develop surface streamline lines

2. determine surface atmospheric stability conditions
3. describe the transport and diffusion of pollutants
Paper Study.

1. Use of topographic map

Exposure of Existing Stations

Correlation Analysgis to Reduce Sampling Time.

1. Data Base for prediction using regression
analysis.

a. winter to winter

b. summer to summer
Ce. winter to summer
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Variables to consider for correlation

a. calibration
b. response characteristics of wind speed and
direction
Ce exposure:
d. maintenance
e, averaging times - ten seconds vs. 1 hour
GROUP P‘ROBLEM DESIGN METEORCLOGICAL SURVEY

@



LOCATION @

1e

2.

He

e

Al
H,

A,

MANUIEACTURE D 3
MODEL. NO. ¢
PARAME TH R

Te WIND SPEFD

“s WIND NIRECTION

MATNTENANCE SCHEDUILE

CALTIBRATION SCHEDULF

o,
i

WIND TNSTRUMENTATTION SURVEY

RY 3

Ce NAME 32

Be THRESHHOLN

*u

RECORDING INSTRUMENTS

A

He

ROWER SOURCE
AVERAGING TIMES
RECORDING . ME THNM
DATA HANDL TNG
PARAMETER/UNITS R
CHART SPEED
SCALES

YEARS OF CONTINUD
FOR INSTR, AT SA

AEXPOSIRE ¢ AL,OBSTRUC

e HEIGHT

EPORTED

1S RECORD
ME LOCATTON

Ca

DATE

ACCHRACY

TIONS @ ' "~ R. TERWAIN &

OF TNSTRUMENTS 3

7. PHOTNS * BANORAMICS AND TCLOSE=!PG

Be COMMENTARY : RY

nF

/153

PHONE



SECTION 7
AIR QUALITY MONITORING AND ANALYSIS
I. Purpose of an Ambiént Air Quality study

A. Broad Purpose. — Characterize Spatial and Temporal Air
Quality

" B. Specifically

1, Characterize existing levels for subjective
comparison and with respect to the Air Quality
Standards. The comparison with the Air Quality
Standards would require that mathematical model
predictions be added to the existing levels.

2. Provide a data base for planning in Future Analysis.
3. Model validations.
4. Analyze source strength preduction.
5. Predict or estimate future ambient air quality
6. Identify pollutant transport.
7 Construct time history of adverse days.
8. Estimate pollutant burden.
9. Locate problem, or hot spot, areas.
10. Correlation of existing data.

II. Spatial Location of Data Points
A, The sampling location depends upon the main purpose of
the study as outlined above. When we talk about locating

the air sampling points we are really talking about
planning the Ambient Air Quality Study.
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Important Determining Factors

1.

Microscale considerations - where are the people?
Patterns of human habitation and use of immediate
facilities must be determined,

Mesoscale consideration - the air quality sampling
points may have to be chosen to represent air
quality, for the community at large or for the

air basin, This means that the average levels

are wanted,

Sensitive receptors.

Topography - Topographic effects on meteorology
stemming from areas of homogeneous land use
patterns (roughness) must be considered.

Meteorology - Stagnant areas, wind flow patterns,
wind directions, and wind velocities.

Point and line sources - These may distoxt the
mesoscale picture if sampling points are located
within their influence, but it may be necessary
to locate sampling points within the influence
of existing sources for microscale analysis.

Highway Design Features - Features such as major
interchanges}’peak traffic areas, potential
bottleneck areas, and various types of cross—
section design may create special situations
which might influence the location of air
quality sampling sites. "
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IIT.

8. Fill areas Which may act as dams - For nighttime
situations where the downhill flow of the denser
air and entrapped pollutants may cause a "cold
air™® lake; it may be desirable to establisgh an
air quality sampling site. |

9. Politically “"sensitive" locations - Areas that
are of particular concern to the loacal community,
as evidenced by newspaper articles and communications
from concerned citizen groups, should be sampled
even when the technical considerations may rule
otherwise,

Sampling Times - Temporal Data Distribution

Ao

B.

Sampling times are dictated not only by purpose but
also by typical and worst case meteorolody and by the
variation in source strength.

Factors to Consider

1. Seasonal aspect - The sampling for oxidant should
be concentrated in late spring, summer, and early
fall. Oxkidant samples during other periods of
the year can be taken less frequently. Carbon
monoxide:should be sampled primarily during the
late fall or winter, since historically, the
maximum concentrations are found to exist at
that time.

2. Meteorology - Various meteorological regimes as
well as worst case and most typical cases
should be considered. Various inversion
heights should also be a matter of congideration.
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Iv.

Kind

Ce.

4.

Traffic Patterns (Source Strength Variation),
particularly with respect to peaks, are
important.

The characteristics of point source operation -
Factories, power stations, and similar installations
may vary their output depending upon the time of
day. These variations may be important.

Combinations of the above factors.ﬁ

The averaging times called out in the standards,
as well as, in the case of hydrocarbong, the
specific sampling time will be important.

Receptor activity - It is more important to sample,
for instances, near a school during the periods
when the students may be expected to be in
attendance, than to Sample in the late afternoon
when there are no receptors around.,

of Pollutants for Air Quality Study

Primary - CO, HC, Nox, Particulates, Sulfates

Secondary - O

3

Ambient Air Quality Standards

1.
2.

Federal

State
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Y. " Uses of Ambient Air Quality Data

A.

Characterize existing levels
1. Baseline or frame of reference
2. Additive to air quality models to compare

to the ambient air guality standards.

a. Microscale - See Figure 7-1
b. Mesoscale or regional - See Figure 7-2

3. Regquired for Regional Photochemical Models
on a tempofal and spatial bases.

Data Base for Planning

1, Pollutant contours (isopleths) for typical
meteorological conditions and stagnant areas,

2. Model verification

Q. Line Source
b. Regional

3. Predict Future Air Quality
4, Evaluate Pollutant Transport

a. - Dual Peak Analysis - See Figure 7-3
b, Surface wind Analysgis - See Figure 7-4

5. Time History of Adverse Days

a. See Figure 7-5
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CONCENTRATION POLLUTANTS

‘ ' |-‘TRAVEL TIME_’

TRANSPORTED

O3 LOCAL GENERATED
POLLUTANTS
1 ] [ " L g
D600 AM . 200 ' 1800 2400
TIME

| ESTIMATES OF TRANPORTED POLLUTANTS
FROM OTHER AREAS BY DUAL PEAK ANALYSIS
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Concentration
O3

| Light winds

L < ] 1
0600 1200 . 1800 2400 .

| Comme
ESTIMATES OF TRANSPORTED POLLUTANTS FROM
OTHER AREAS BY SURFACE WIND ANALYSIS




Number
of Adverse

1 1 | ' L.
1967 1968 1969 1970 1971
_ _ TIME

NUMBER OF ADVERSE DAYS

AT AIR MONITORING STATION

Y
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Air Quality Data

A.

~Noy ol W
[}

Existing Sources

Local APCD

ARB

State and local public health agencies
Private consultant studies

Studies made by colleges, universities, etc.
Utility Companies

Industrial plants

Problems with Existing Data Sources for Transportation
Studies

1.

5.

Additional pollutant 8ources between proposed
highway and air monitoring station

Representativeness of air monitoring stations
(Point measurement of regional air quality)

A, street canyon
b. Local trafific densities
. probe location
d. upwind sources

Topography and terrain changes between proposed
project and air monitoring station

Changes in meteorological conditions (wind 3peed
and direction) between proposed project and APCD
station

Natural Removal processes between project and

APCD station
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D.

a. impaction

b. gravitational settling
Cae absorption

de chemical reactions

6. Distance from project and APCD station may allow
photochemical reactions to take place

7. Historical changes in

ae station location

b, analytical methods - wet vs. dry chemical
techniques

C. adverse day criteria

8. Calibration and Maintenance Procedures

Analysis of Ambient Air Quality Data

L. One hour averaging time

2. Instantaneous peaks do not have ambient air
quality standards

3. Air and meteorological data must be analyzed for
gsame time periods ‘

a. Characterize bad meteorological day
b. Characterize bad air quality day

Ce Both must be consistent

Slides of APCD Stations
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I.

IT.

'SECTION 8

AIR QUALITY SURVEYS

Levels of Air Quality Surveys

A. Corridor Study - Project level analysis

B. System Planning - Impact on entire community

C. Construction Pollution

D. Model validation or Calibration

1. Microscale
2. Mesoscale

Alr Quality Surveys With Fixed Stations and Mobile Van
A, Use bag sampling techniques for CO

B, Use Mobile Van primarily for secondary pollutants {0
in conjunction with fixed stationag.

C. Use statistical correlation techniques and regression
analysis to predict the pollutant concentratlons for

days not monitored.
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AIR QUALITY SURVEYS WITH PIXED STATIONS

Yo

I. Air Quality Trend Analysis -
See general flow chart Figure 8-1
A. Uses of Historical Meteorological Sources.

1. Statistical analysis of data will indicate the
most probable and worst meteorological conditions
to sample.

a. = surface conditions
(1) Stability classes A to F.
be Upper air
(1) Base of elevated inversions
NOTE: Do not design an air quality survey without a meteorological
survey. Air pollutant data cannot be interpreted without

knowledge of the meteorological conditions.

B, Use of historical data from APCD stations to determine
trends.

l. Primary pollutants
2. Secondary pollutants

II. Design of Air Quality Surveys
A. State Objectives of Surveys

1. Microscale levels for proposed route
2 Microscale and regional levels
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Ce.

Locate All APCD Stations
1. Exposure

Aa Traffic
b. Aerodynamic eddies

2. Representativeness of Project

a.  Topography
b. Distance

Initial Cofrelation with APCD at Same Intake

1. To establish correlation between analyzers and
sampling procedures.

- Beckman ves. MSA
be. Wet chemistry vs dry chemistry
Ce Bag samples vs continuous monitoring

2. Credibility

3. Forces APCD to calibrate analyzers regularly

e APCD calibrated instrument 2-1/2 years ago.
b. Calibrate when strip chart shows a gradual
drift,

4. Correlate for three time periods
a. Before any field measurements are made
b. Midway through field study

C. End of air quality survey

NOTE: All three are required to have a consistency
check for the entire length of study.
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Ea

S5 Length of Correlation

a. Consideration of wvariability of traffic
and meteorology

(1) A.M.

(2) Midday
(3) P.M.

(4) Generally 8 hours (working day for
APCD personnel)

b, Cover the range of pollutant levels that you
expect at APCD.

Select priority of projects to be monitored.
Determine number of sampling sites

1. Homogeneous areas — see Page 17 of Ambient Air
Manual

2 Ideélly'located sampling site at all homogeneous
areas.

3. consider influx and outfluxes of pollutants in
study area.

Available manpower

1. Manpower limits number of sites

a. Select sensitive receptors — schools,
hospitals, receptors 50-100 £t from
highway

Sampling location

l. Standardize height above ground surface - 5 feet
or tower for high level receptors.
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a. -
of air intake

Exposure of air monitoring station

a. CO 200 to 400 feet from loecal freeways
or surface arterial Streets,

(1)  ott Study in San Josge
{(2) Research Project in Ilos Angeles

Special studies

4. - Replacing an_existing highway

Temporal and spatial distribution of pollutants
a, Use oné hour averaging consistent with

local practices of APCD. Sample all
sites at same time,

Length of Field study

1.

Short-Term (t < ¢ months) See Figure §-2

b. O3 = Summer, £all

Long-Term (t > ¢ months)

a. Seéson variation of pollutants
Daily sampling

a. Traffic variability
b, Urban 0600 to 1900

170

'APCD Station - no standard height or exXposure



¢. 24 hours - Special studies

d. Recreational traffic

e, Daily variation of pollutants
f. 24 hours routine bases,

4. Fixed or base stations and movable sites

I. Sampling Multiple Projects

1. Divide District into zones
a. Sample all projects in zone on a balanced
randomized schedule to eliminate bias

See Figures 8-3 and 8-4,

b.  Randomly select sampling day per zone on
a frequency of once per day.

C. Special cases where logistics is a problem
' sample all projects within a zone every 3 to
4 days.
Je Correlation Analysis Using Regression Techniques
1. Reduce sampling time in field
a. Within a given season, summer, etc.
b, "Predicted values must be within the range

 0£ the data used to obtain the regression
‘equations,
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LOCATE ALL EXISTING LOCATE ALL EXISTING

AIR MONITORING STATIONS METEOROLOGICAL STATIONS

8 PERFORM TREND ANALYSIS. AND DETERMINE WORST
METEOROLOGICAL CONDITIONS.

DETERMINE POSSIBLE
NUMBER OF SAMPLING SITES
(HOMOGENOUS AREAS).

REVISED NUMBER OF
SAMPLING SITE BASED ON

AVAILABLE

MAN POWER

REQUIREMENTS,
?

AVAILABLE MANPOWER.

YES

LOCATE BAG SAMPLES
5 FEET ABOVE GROUND g
SURFACE AT EACH SITE.

'

'MAKE FIELD MEASUREMENTS
& CORRELATE WITH AIR
MONITORING STATION.

DOES
CORRELATION
EXIST?

NO

BAG SAMPLING TiME AT,
EACH SITE MAY BE REDUCED .
8 CORRELATED WITH
HISTORICAL DATA. .

Y

MAKE EXTENSIVE FIELD MEASUREMENTS T0O
ESTABLISH AMBIENT AIR QUALITY FOR YEARLY CYCLE.

v

ANALYZE & SUMMARIZE THE
AMBIENT AIR QUALITY DATA.

| &

FLOW CHART FOR AN AMBIENT Alﬁ QUALITY SURVEY
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AIR QUALITY SURVEYS WITH MOBILE VANS

Purpose: Monitor for O3 (Secondary Pollutant)
I. Select priorities of projects --
II. Determine diurnal surface wind streamlines
A. Historical metéorological data
B. faper study
IIT. Analyze existing air quality data from APCD Stations
~A. Determine the air quality trends

l. 04 (secondary)
2. co, Hc, NO, (primary)

iv. Determine'aréas of potentially high and low 03 concentrations
Ve Loéati&h of ait moni;oring éite_

A. Influx into project area

B, Mid-point

C. Outflux in project area

VI. Initial correlation with APCD Station

A, Credibility
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B, Correlations of analyzers and procedures

L, Wet chemistry technigues
2. 'Dry chemistry techniques

cC. Time periocds to correlate
1. Before field measurements
2. Midway during field study
3. At end of field study

4, Consistency checks

D. Length of correlation

1. AJM,
2., Midday
3. P.M. -

VII. Exposure

A, Locate station 200-400 feet away from local arterial
streets to measure ambient levels of O,
NO + 03 —> N02 + 03

VIII.Length of Study’

A. Air quality survey must be made in smoyg season - May
through October.

B, Air quality survey for O3 in winter is minor compared
to primary pollutants such as €O, HC, NO, .,
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IX. Daily Sampiihg
A. 0600 to 1900
l. Must cover daytime conditions

2. Special conditionsg may require nighttime sampling
€.g., Palm Springs.,

X, Sampling One Project

A. Monitor each site based on a balanced randomized
design to eliminate biag,

XI. Sampling Multiple Projects

A, Monitor each site of all projects based on a balanced
randomized design. Keep sampling sites to a minimum.

VII. Correlation Analysis Using Regression Technigues

A, Predict pollutant concentrations at air sampling
sites on days when not monitored.

B, May pdssibly reduce saﬁpling time for smog season,
NOTE: Do not design an air quality survey without a meteorclogical

survey. Air pollutant data cannot be interpreted without
knowledge of the meteorological conditions.
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ANALYSIS OF AIR MONITORING DATA¥

i. Correlation of Caltrans vs, APCD

A. See Figure_B—S

. IT. Temporal and Spatial Distribution of CO

A, See Figures 8-6 through 8-8

III. Summary Table for Ambient Air Quality

A, See Figure 8-9

*A detailed analysis of ambient air gquality data is discussed in
Reference 3 "Applications of Statistics in Analyzing Aerometer
Data for Transportation Systems",
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ATk iaLTTY INSTRUMENTATION SURVEFY
LOCATEON @ HY = 8 T§
Te As MANURACTURE =

Be MODEL NO, 3 Ca NAME ¢

“a A BPARAMETER _ He RRECISTON C. ACCURACY

| 3. MATNTENANCE SCHEDULE

be CALTHRRATION SCHEDULE

| Be RECORDING TNSTRUMENTS

Ae POWER SOURCE

Re AVERAGING TIMES

Ce RFECNRNTING WME THOD

De DATA HANDL 111G ' :
Fo PARAMETFR/UNT TS REPORTED
Fe CHART SPE#D H
Ge SCALES :

He YRARS nNF CONTINUOUS RECORD
FOR INSTR. AT SaME LOCATION

A REYROSURE ¢ AsOHSTRUCTIONS He TER“ATIN ¢
Ce HFIGHT 0F INTAKE :
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GROUP PROBLEM DESIGN AIR QUALITY SURVEY
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SECTION 9

AIR QUALITY INSTRUMENTATION

I. Air Quality Instrumentation
A. Proper Anaiyzer for Application

1, Carbon Monoxide - NDIR - Non Digpersive Infared. Figure 9-1
2, Ozone - Ultraviolet Light Absorption - UV Figure 9-2
3. Oxides of Nitrogen - Chemiluminescence with
pPhotometric detection Figure 9-3
4. Hydrocarbons - Gas Chromatography with flame
ionization detection, Figures 9-4 through 9-6.,
5. Hi-Vol Sampler

B, Representative Sample

Sample location

System inert

Reliable fittings and valves
Good Analyzer Support

B W N b
[ ]

a. JO" Air, Span Gases, H2' atc,
cC. CC Bag Samplers
D, Instrument Calibration
1, Outside Reference - Credibility

2. National Bureau of Standards
3. Test Procedures and Audit Survey
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A
B.
Ce
D.
E.
Fo
G.

i

Meteorological

Mechanical Weather Stations
Directional vanes and cup anemometers
Bi-vanes = atmospheric turbulence
Relative humidity

Aircraft temperature package

Pibal - vertical wind profiles

‘Radiometer

III. Slides of Typical Equipment
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I.

SECTION 10

AIR QUALITY MODELING

Purpose of Air Quality Modeling

A.

Ea

F.

G.

H.

Je

Assess the impact of highways or multi-modal
transportation systems on air cguality.

Evaluate the impact of transportation control
plans, '

Provide a systematic procedure to evaluate the
interrelationship of land use, transportation

and air quality planning.

Provide information on where to locate air monitoring
stations.

Select sites for future sources of alr contaminants
such as freeways, asphalt plants, etc.

Estimate air quality for areas in which pollutant
measurements are unavailable.

Establish criteria for emission control legislation.

Provide a method to forecast areas where NAAQS and
alert levels may be exceeded,

Comply with Federal and State legislation concerning
environmental impact assessment.

Provide alir quality predictions for compliance with
indirect source regulations, where applicable.
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II‘

ITI.

v,

Ve

befinition of Air Quality Modgl

A mathematical representation of the physical transport,
mixing process, and chemical reactions that occur in the
atmosphere after the release of a pollutant.
Mathematical Scales of Motion

A. Microscale

B. Mesoscale or Regional

Ca See Figure 10-~1

Predictive Capabilities

A, Microscale = predict above baseline levels

B. Mesosgcale or regional - predict above initial
concentrations

Co See Figure 10-2 through 10-5

Modeling Characteristics

Air Quality Models should include:
A, High Spatial Resolution
1. Microscale
A Lane width .
b. Roadway width
Ce. Geometry of highway section
de choice of receptor location

S, Choice of wind direction
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3. Mésoscale
A Choice of receptor location
B, Time‘Resolution
l. Microscale and Meéoscale

ao Changes in traffic densities,
be Changes in meteorology

(L) U and @
(2) Stability - surface and elevated

Ce Consider Local Mixing Effects
1. Microscale
a,. Mixing cell
b. Aerodynamic effects of £ills
Ca Aerodynamic effects of cuts
d. Aerodynamic effacts of viaducts
€. Surface roughness characteristics

2a Mesoscale

a, Surface roughness characteristics,

be Mixing process below elevated inversion

D, Capability of Arbitrary Wind Direction
l. Mesoscale and Microscale
8o Normal

b, Obligue
Cae Parallel
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Tnclusion of Chemical Reactions
1. Microscale

a. No+o3-—> NO,+0,
2e Mesoscale

ae Photochemical Reactions
Ccomputational Efficiency
l. Microscale and Mesoscale

Ae Computer time
b. CLogistics of input data

Models should be rational in the development of the
physical and mathematical equations.

vi. Level of Analysis for Air Quality Modeling

Al

Ce.

Microscale

1. Box or Empirical - mixing cell
24 Gcaussian - Downwind transport and diffusion

3. conservation of Mass -~ Mixing cells, downwind
transport and diffusion

Mesoscale oOr Regional
1. pollutant Burden = Rollback (CC, NO

2. SRI APRAC-1A =- Gaussian Model for CO only
3. Conservation of Mags = photochemical models

2' 03).

Real World = Combinations of empirical and physical
analyses
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" UVII. Types Of Air Quality Models

A.

B..

Box Models
Assumptions

1.

2.

Gaussian Plume

Pollutant concentrations are homogeneous through

the region of interesgt.

The source is distributed uniformly.

The emitted pollutants are instantaneously and

uniformly mixed.

A uniform wind characterizes the transport.

A constant height through which mixing is vigorous
is typical of time averaged meteorology.

nEl

whu

where C
n

gl £ R

concentration in mass per unit volume

= vehicles per hour
E_

emission factor in gram per unit length
as a function of route speed

= length of box section

width of hox section

= height of box section
= wind speed

Model

This model was originally developed to describe the

concentration distribution of an inert pollutant

downwind from a point source (industrial stack).
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Cs

It has subsequently been extended for applications
to line and area sources by imposing the principle
super-position. In the usual applications of this
model the assumptions are: |

1. Only inert pollutants are considered,
2. Wind shear is neglected,

3. Measures of plume spread are assumed constant
and are based on experimental studies, usually

carried out over rural areas. They are a function

of atmospheric gtability class,

4, Pollutants are distributed normally in both
the crosswind and vertical directions

5. Conservation of mass — no loss of pollutants.,

General Equation:‘ See Figures 10-6 and 10-7

Application of Gaussian Models: Flat open areas
free of terrain effects that may alter the surface
winds.

Equation of Conservation of Mass
This approach can include:

1, Temporal variations in meteorological
conditions,

2. All_types of highway designs, depressed
sections, interchanges.

3. Irregularities in terrain features,
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4. The effécts of land use in construction of
the wind flow field and in the turbulent
diffusivities,

5. Wind patterns of any type.
6. Variations in atmospheric stability. These
are treated through the choice of vertical

turbulent diffusivity.

General Equation: See Figure 10-8

OC 4 ude pNYE fwek o 2 [k ] —D{a AR d‘]-}-ﬁ’ S,

aC IR 9y  dE oIx

where C.

i time-averaged concentration of

species i
u,v,w = time-~averaged wind components in
the x,y, and z direction respectively
Kx'Ky'Kz = turbulent eddy diffusivities
Si = volumetric rate of emission of species i
Ri = chemical reactions

Limitations:

The computational requirements for the solution of
these equations can be substantial, both with respect
to computing time and computer storage.

The following should be considered when using this
approach:

1. Will it predict ground level concentrations with

acceptable accuracy compared with more simplified
approaches?
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Assuming that the model is of acceptable
accuracy, can it be operated at a reasonable
cost, given the computing time and computer

storage requirements associated with such an
effort?

D. Statistical Multiple Regression Analysis

This approach is based on the statistical analysis of
observed data. It includes the following:

L. Establishes and evaluates the distribution
of pollutants near a source.

2. Isolates and assesses the significance of
parameters influencing the concentrations,
transport and diffusion of pollutants.

3. Evaluates the observed dependencies based on
known physical and newly postulated principles.

4, Parameterizes the dependencies.

Limitations:

Generally these regression models are applicable for
limited types of highway designs and meteocrological
conditions, or given regional areas.

E. Combinations of above approaches

1. Empirical and physical concepts are included.

VIIT.Applications of Microscale and Regional Air Quality Models
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Transportation Alternatives

No build

1.

2, Spatial
3. Modal

4, Temporal
5. Design

Porecast Years

ETC
ETC+10 years
ETC+20 years

LT TE R I R
.

Meteorology - Typical and Bad Day

1, Summgr - 03

Present or Baseline year
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II.

IIT,

SECTION 1)

SENSITIVITY ANALYSIg OF EXISsTING AIR QUALITY MODELS

Definition: Sensitivity analysis can be defineq as the

A. Mbre-effective evaluation jif Sensitivity analysis
is made ip terms of;

l. input data requirementg
2, accuracy of inputs
3. cost effectiveness

B, Inevitable uncertainties and inaccuracies in
information available.

1. Traffig

2. Emisgion factors

3- Gr ¢ .

4 Stability

S Invérsion heightg

be Solar radiation intensity
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iv.

VIi.

Ce

D,

Air quality calculations are subject to a range of
uncertainty which should be specified if possible.

Example: Instrumental accuracy and site characteristics
suggest an uncertainty of + 2 mph, what uncertainty will
this introduce into the output calculation of air
pollution concentrations?

Important to know the effects in output values caused by
changes in inputs.

Ae

B.

Small change in input—19 large change in output.
l. Model is sensitive to that input

24 Must provide accurate value of input to avoid
large errors in outputs.

Large changes in inputs —» little effect on outputs.

l. Don't need high input accuracy to achieve high™
output accuracy for that particular wvariable.

Combination'of Parameter Values

A.

Model‘outputs could be posgsible totally independent
to the changes in one or more inputs.

Sénsitivity Analysis for Microscale Models

A‘.

Input parameters to consider:

l. What are the effects of traffic volume inputs
on the predictions?

2. What are the effects of emission factors inputs
on the predictions?
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on the Predictionsg?

What are the effects of atmospheric stability
input on the Predictiong?

A, Input bParameters to consider:

1.

What effects do the time distribution of
traffic volumes have on the Predicted
concentrationsg?

What effects do ‘the area Source or grid size
have on Predicted conecentrationg?
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6.

9a

10.

11,

What effects do the wind shear or mean surface
winds have on the predicted concentrations?
What about exposure of sensors for existing
wind data?

What effects do the surface roughness heights have
on predicted concentrations?

What effects do the diffusivity coefficients
have on the predicted concentrations?

What effect does the UV radiation intensity have
on predicted concentrationsg (clear day compared

to hazy day).

What effect do the emission factors for Co,
HC, NOX have on predicted concentrations?

What effect does the number of wind stations
have in determining wind trajectories?

What are the effects of the reaction rates for
the formation of photochemical smog?

What are the effects of numerical stability

on the predicted concentrations?

VIII.Proper Sensitivity Analysis Can Determine:

B, Accuracy of input required

|
|
|
|
| A. Data requirements
|
[

= C. Cost effectiveness of collecting inputs
Do Applications

IX. Sensivity Analysis does not:

A, Indicate that the theoretical approach used is valid,

g B, Indicate whether or not a model is verified with field

; data.
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SECTION 12

CALIFORNIA LINE SOURCE DIFFUSION MODEL {(CALINE2)
I. Model Characteristics
A, Relates
.. rraffic volumes

Emission Factors
- Meteorology

B W
.

. Type of Highway Design
B. Predict concentrations for gaseous pollutants

1. CO - inert, sgtable gas 0O.K.

2, HC - provide a health standard and separate
the reactive hydrocarbons.

3. N02 - no predictions because of the reaction

as NO +_O3 -—r—NOz + 02

b, %2 of NOx is NO2

4, Does not consider particulates
5. Predicts above baseline levels - See Figure 12-1

II. Modeling Approach
A, Box - mechanical mixing cell
B. Gaussian - downwind transport and diffusion

C. See Figure 12-2°
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III. CALINE2 Model

Al

Assumptions

l.

3.

4.

Normal distribution of pollutants in the
horizontal and vertical directions.

Continuous emigsion source from vehicles on
highway for time period analyzed.

Stability of the atmosphere is based on
studies made by Pasquill and Turner.

The concentration within the mechanical
mixing cell is independent of stability
class. (The mechanical mixing cell is
defined as the initial dispersion of
pollutants caused by the motion (turbulence)
of the moving wvehicles.)

The vertical height of the mechanical mixing
cell is assumed to be 4 meters. The horizontal
width of the cell is agsumed to extend from

edge of pavement to edge of pavement for medians
less than or equal to 30 feet,

A uniform wind field exisgts.

No aerodynamic effects on air passing over
structures, etc.
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" B, Difficulties of Gaussian Models

1. Original development of turbulent parametersdf&

and 6z

as Flat open area in Kansas and gently rolling
hills in England, repregentative for flat
open areas only.

b, Gy and €z

—

(1) (y and Q’ z a function of horizontal
distance from sourde

(2) originaldSy andGz valid only for 0.1
kilometer (328 feet) horizontal distance
from source and greater

| Co Project smoke - smoke candles

(1) Purpose:

(a) Determine general dispersion
characteristics from line gource

(b) Examine the mechanical mixing cell

(¢) Obtain rough estimate of 6 's near
source

(2)' Project conducted on ailrport runway under
neutral atmospheric stability and with

surrounding terrain flat and open.

(3) 4 meters found as upper limit of
mechanical nmixing cell
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Modification of ©z to incorporate results from
project smoke

a. See Figure 12-3

Wind Speed - height to measure U because of

the wind shear and ground turbulence

a, See Figure 12-4 - exposure for air flow
around building '

b. Standard h = 10 meters or equivalent. Also
method to estimate surface stability uses
U at 10 m.

Model Inputs

1.

Traffic volumes - vehicles/hour (VPH)

"Emission Factors - Function of route speed and

percent heavy duty vehicles

Meteorology

a. Atmospheric stability class

b, Wind speed

Ce Wind angle to highway alignment

Type of Highway Design

a. Pavement height above or below grade

b. Width of roadway, including all lanes,
median and shoulders
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IV.

5. ° ﬁéceptor location

a. Distance perpendicular to highway
b. - Height above grade

D. General Flow Chart of Model
1. See Figure 12-5

E. Outputs - estimates of one hour CO ¢oncentrations,

above background levels

1, Estimated CO concentration in PPM or ug/m3 at
receptor

2, Estimated CO concentration in PPM or ug/m3 in
highway mixing cell,

Limitations of CALINE2 Model

1

A, Aerodynamic effect of air flow for cut and f£ill sections,

B. Different surface roughness heights not considered in
using O's

" C. Cannot handle zero wihd speed (typical of all Gaussian

Models - use 1 m/sec
D. Topographic effects of converging or diverging wind
flow fields.

Advantages of CALINE2 Model

A. Simplicity
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VI.

"B. Pracfical model in terms of "real life", Can be used

by Transportation Planners and Engineers,

C. Provides a basic foundation to understanding the
fundamentals of transport and diffusion so that
more advanced models can be used with confidence.

D, Computational efficiency

E. Presently performs as well as the more rigorous
mathematical épproaches.

Review of older Line Source Model format

A. Gaﬁssian Dispersion Theory combined with fixed box,
as discussed Previously.

B, Separated into two sub-models
1. Crosswind sub-model

a, Winds crossing the highway from normal (90°)
to 12,57

b. Uses only vertical dispersion parameter ,
since infinite line source has uniform
~horizontal (parallel +to highway)
distribution for crosswind

c. If other than 90°, factor of 1/sing is used
2. Parallel wind sub~model

a. Winds from parallel (0°) to 12.5° -
assumes 0°

!
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3.

b. Sums up contributions from number of square
area sgources, since assumes that parallel
wind causes concentrations to build up
downwind,

12.5° arbitrarily chosen as limiting condition
for choosing sub-model,

Constant coefficients in original Gaussian Equations
removed to cause overprediction or "safety factor".

Calibration coefficients (K)

1.

Originally 4.24 to agree with New York field
study data,

Later divided by 4.24 to nullify, since data from
Los Angeles indicated original uncalibrated model
predicted closer to field samples

FHWA requested other agencies to modify
uncalibrated model predictions by 0.8 to agree
with their investigatory data,

Empirical ratios developed to compensate for depressed
highway sections

1.

Creates imaginary mixing cell at level of top of
depressed section, See Figure 12-6.

See Air Quality Manual Modification Number 1
at the end of this section,
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VII. Model Modifications -~ Development of CALINEZ2

A.

Basic gispersion equations have been returned to
original form, as discussed in Turner's "Workbook of
Atmospheric Dispersion Estimates".

1.

Se

7.

See Figure 12-7 -and Figure 12-5.

Pure crosswind (920°) - infinite line source
Pure parallel wind (0°) = summation of
area sources.

Concentrations for wind angles between 0° and 90°

are calculated using weighted sum of crosswind
and parallel wind equations,

Mixing Cell -~ solution of applicable equation (s}
for highway height, receptor height, and receptor
distance set equal to 0.

Constant coefficient of %/U 2m (for % and H = 0)
in crosswind equation approximately equals 0.8,
therefore incorporate FHWA suggestion.

Calibration cocefficients (K's) ekcluded.

Provides solid theoretical basis for other
modifications. '

Units of Model

1.

C = pollutant concentration

229



SNOLLYND3 3A08V 3HL 40 INO ONISN O ILVI¥ONddV HO4 IATIOS
O=2Z'AH

X08 b
® 5509 % + ¢ ,NIs '9 =%

006> 0>.0 ‘ONIMSSOYI ~NVISSNV9 'S

M
ONIM OL 13711vdvd 30NV1SIa AvmAoi 0 HI93LNI=U JY3HM

Iz ~ ; =,
ﬁ bTiExmi f+m ..IxH:HTIT..Exm WM,;:S“: <= o

00 =0 (304N0S LNIOd) ANIM T13T7TVHVd - zq_mmzdw 2

25 L2pnlo
_w (=5 ..iun_xu+a :._+m RO

oom"e ‘( 324N0S uz_.: ANIMSSOYD - NVISSNVY9 ‘|
SNOILYND3 13A0W 23NITVD JISve

VN

-)dX3

l2-7

(! GRE

230



C.

D.

2. Fact = conversion factor, to express C in appropriate"
units, e.g., to express C in PPM of CO,

6
0.0245 < 10° ug _ go5

Fact = CO molecular wgt gm

3. Q = source strength, in gm/m-sec or gm-m/m-sec,
Q. Ql = (factz) x EF x VPH
ba Q2 = (factz) x EF x VPH x W )
c. Fact, = 1.726 x 10~/ mile-hr/m-sec
4, EF = average speed-corrected emission factor,
in gms/mile

5. VPH = traffic volume, in vehicles/hour
6. W

highway width including all lanes, shoulders, and
medians, in meters,
7. H = height of highway above or below grade, in meters’

.
B3
il

height of receptor above grade, in meters

9. Y = perpendicular distance of receptor from edge
of highway, in meters

10. = average wind speed, in meters/sec

#)
11. ¢ = average angle of wind to highway
12. &y = horizontal dispersion coefficient; in meters
13, ©6 z = vertical dispersion coefficient, in meters

Eméirical ratios for depressed sections are retained{"
Parallel wind
1. Summation of area sources (See Fiéure 12-8)

a, Highway divided into sguare area sources,

with side length equal to the highway width.
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b. Area sources converted to egual number of

point sources

(1) A distance back from the area source is
calculated to locate a point source with
equal source gstrength which will yield
the initial horizontal dispersion (6;) at
the upwind edge of the area source.

(2) This distance to the virtual point source
is dependant on stability class and
highway width,

(3) The digpersion at the upwind edge of the
area source is assumed to be egual to
the plume width (4.3*C5y), therefoure an
estimate for Sy is = width/4.3.

{4) The downwind distance corresponding to
such a dy is found £from the appropriate
stability class horizontal dispersion
parameter curve,

Concentration in parallel wind cell (area source)
required to be equal to¢ crosswind mixing cell
concentration,

a. Comparison of equations indicated that a
factor approximately equal to the virtual
point source distance was required to make
the equations equal, in magnitude and units,
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B;;':Phyéicai interpretation: The virtual point
source distance is the distance the "y" -
axis is moved towards the highway centerline
to artificially force the concentration at
the highway edge to egual the mixing cell
concentration,

Horizontal dispersion parameter (8y) curves (See
Figure 12-9),

a. Extrapolated to distance corresponding to
highway width (= virtual point source
distance)

b. ny at this point approximately eguals the
highway width divided by 4.3.

c. Curves for all stability classes start at

this point,

d. Only first linear segment approximation of
the curve is changed,

e. Vertical dispersion parameter (Oz) independent
of highway width,

Scaling factor obtained from sensitivity analysis
(See Figure 12-18) yields pollutant concentration
corresponding to essentially "infinite" parallel

‘wind highway segment, from the concentration

calculated for a short (1/2 mile) parallel wind
highway segment.
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VIII,

A,

B.

a. = Fewer area sources or integration steps so
that computer time is minimal,

b. Allows comparison of crosswind and parallel
wind results.,

Crosswind

1, 90°'is "pure” equation

2. 0°<wind angle<90° requires calculation and sum of
"pure" crosswind and "pure" parallel wind components,

3.  Influence of each component depends on angle.

4, Now have continuous function between 0° and 90°
no discontinuity at 12,5°.

5. Eliminates 1/s3in¢g factor which allowed wind speed

component to become smaller than the model's limit
for wind speed,

Sensitivity Analysis

Variation in Predicted CO levels due to variation of
input parameter,

Base case

1, Arbitrarily chosen as "typical™ day

2, 6-lane highway ~ approximately 120' wide

3. Average usage —~ 6000 vehicles/hour

4, Neutral conditions - stability class "D", wind
speed 3 mph

5. Completely parallel (0°) or crosswind (90°)
wind angle

6.

Emission factor of 25 gms/mile
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IX.

7. At-grade highway
8. Mixing Cell Receptor
9. Parallel wind highway length of 1/2 mile

Vehicle/hour, See Figure 12~-10

Emission factor, See Figure 12-11

Wind Speed, See Figure 12-12

Wind Angle, See Figures 12-13 and 12-14

Stability Class, See Figure 12-15

Pavement Height, See Figure 12~16

Highway width, See Figure 12-17

Highway length with parallel wind, See Figure 12-18
Horizontal and vertical dispersion parameters, Sece
Figure 12-19

Model Validation

Al

D.

E.

Spatial distribution of pollutants

CO, Figures 12-20 through 12-29
Particulates, Figure 12-30

NOX, Figures 12-31 and 12-32
HC, Figure 12-33

= W N
.

Model validation flow chart, Figure 12-34
Validation of CALINE2 by sample site (with comparisons
to older model's regressions), See Figures 12-35

through 12-54,

Validation of AeroVironment Model, Figures 12-55
through 12-58,

Vaiidation of S3 Model, Figures 12-59 through 12-62.
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ﬁeroVifonment Line Source Model: April and August 1972
validation for Carbon Monoxide

A. Inputs to Model Include:

U

@

Radiation Flux (set to zero)

Reference Roughness (.1m)

Actual Roughness (.5m) _

Ratio of Vertical to Horizontal Dispersion Speeds (.32)
VPH

EF (set to 15 grams/mile = 50 mph)
Béckground Level

Coordinates of Plane_l_to Road Segment

- ] .

W 0~ o U1 o W N
.

[
o
.

B. Variables Unusual to Most Line Source Models

1, Roughneas
2, Ratio of Dispersion Speeds
3. Radiation Flux (very sensitive)

XI. SYSTEM SCIENCE AND SOFTWARE, S5

Aa Inputs

Grid height and length
Roadway height and width

Stability Class
Wind profile

Diffusivities
Terrain features

Windspeed and direction

Emission factors

W oAU s W N
[ ]

Vehicles per houx
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ATR QUALITY MANUAIL MODIFICATION

Prepared by
Andrew Ranzieri and Gerald Bemis
Transportation Laboratory

“ Modification No. 1 - Revision to Line Source Dispersion Model
for Depressed Sections-

A major revision to the line source model(l) used to estimate
microscale concentrations is described. This revision affects
concentrations downwind from depressed sections for both cross
and parallel wind conditions.

This revision constitutesan interim improvement in our method of
analysis, based upon data from actual carbon monoxide measure-
ments made in conjunction with our Federally-funded research
project in Los Angeles. This modification affects all depressed
sections (depth limited to 30 feet or less).

From our studies in the Los Angeles area, we have derived a math-
ematical relationship using regression techniques relating height
above pavement to carbon monoxide concentrations as a function of
surface stabilities for depressed sections only. The relationship
was derived from heights above the pavement of four feet to 44
feet. These CO concentrations were measured in the median on the
Santa Monica Freeway at the 4th Avenue Pedestrian Overcrossing and
on the Harbor Freeway at the 146th Avenue Pedestrian Overcrossing.

Different relationships were derived for stability A, B and C-D
combined. Not enough data were gathered for stability E and F due
to meteorological conditions. Until further data are obtained, it
will be assumed that the relationship derived for stability C-D
can be used for stability E or F.

In order to incorporate this change in our microscale modeling
analysis, we have developed a "CO Reduction Factor." This trans-
poses the mixing cell concentration, on the highway within the
depressed section, into an imaginary mixing cell at the same

height as the surrounding terrain. The at-grade dispersion egquation
is then used to calculate concentrations downwind from the depressed

section.

The "CO Reduction Factor" was derived from the CO concentrations
measured at 4 feet, 12 feet, 20 feet, 36 feet or 44 feet, divided
by the CO concentration at 4 feet. The CO Reduction Factor for

(1) Air Quality Manual CA-HWY-MR657082S-4-72-12
"Mathematical Approach to Estimating Highway
Impact on Air Quality"
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4 feet is 1.0 and the CO Reduction Factor for any height above 4"

feet is less than 1.0. The following is the derived CO Reduction
Factor:

CO Reduction Eactor = 1_0RF

where for Stability A,

RF=[-.18164~.01448 (h)+1.439x10 > (VPH)+7.9x10" % (#) ]
for Stability B,
RF=[.21754-.01431 (h)-7.2x10 % () -2.252x1072 (§) 1
and for Stability C thru F '
RF=[.02019~.01382 (h)+4.98x10 ° (VPH) -5.73x10 > (0) ]

In the above equations, h = the positive vertical distance between
the roadway and the surrounding terrain in feet. The other param-
eters are the same as defined in the Air Quality Manual titled
"Mathematical Approach to Estimating Highway Impact on Air Quality.”

In almost all cases, the carbon monoxide concentration decreases

with height. This decrease is gradual in the bottom 12 feet, re-
inforcing the concept that a uniform mixing cell concentration

exists. There were, however, a few cases where aerodynamic eddies
caused some increase of CO concentrations with height. These cases
were excluded from the analysis and will be subject to future research.

In the latest subroutine (described below), the modified procedure

for calculating carbon monoxide concentrations for depressed sections
is as follows:

1) Calculate the mixing cell concentration in the same
manner as before.

2) If, and only if, a depressed section is being analyzéd,
an equivalent at-grade mixing cell is created by multi-

plying the mixing cell concentration by the CO Reduction
Factor.

For example, for parallel winds (depressed section only) :

Equation No. 8 of the manual titled "Mathematical Approach to
Estimating Highway Impact on Air Quality",

e = a(2)()(2%2)

is to be supplemented with Equation No. 8A

C = (A)(%)(%)( 3—Q—W§) x (FACTOR) .

293



"Equation No. 8 i§ still used to predict concentrations on the high-

way within the mechanical mixing cell and Equation No. 8A is used
in step 3 below to predict downwind concentrations.

i

Assumptions of the method (excludin

3} The downwind concentration is calculated as before,
with the exception that for depressed sections the
equivalent at-grade mixing cell and the at-grade
downwind dispersion equations are used. This allows
the estimation of CO concentration from top of cut
to any peoint further removed from the freeway. Some
of these estimates were not available using the
previous methods. For example, for parallel winds,
at-grade receptor (depressed section only) :

Equation No. 12 of the manual titled "Mathematical Approach
to Estimating Highway Impact on Air Quality",

2 2
PPm = Ippnly o [expt; (§Z) ][exp‘%'(gi) 1

is to be supplemented with Equation No. 12A
- w1l (Y (2
ppm = [ppm]y, . [lexp-3 (oy) ]
with the mixing cell term, [ppm],, c.. Calculated according to
Equation No. 8A in step 2, above.'""

g previous assumptions in the air

quality manuals) :

1) The mixing cell heights for the depressed section and
the equivalent at-grade section are the same.

2) The CO reduction factor determined for stability C-D
will be used for stabilities E and F until future data
are available for these stability conditions.

3) Aerodynamic eddies are not included in this analysis

and will be subject to further research and validation
(the largest allowable CO reduction factor is 1.0).
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SECTION 13
REGIONAL AIR QUALITY MODELING

A, Uses of Regional Air Quality Models

A, Assess the impact of transportation systems on regional
air quality,

B. Identify "hot spots" and locations of air monitoring
stations for system planning,

C. Evaluate transportation control strageties.

D. Evaluate the interrelationship of land use,
transportation and air guality planning.

IT. Federal Regulations Requiring Regional Analysis

A. Clear Aix Act of 1970

By Federal Aid Highway Act

C. EPA Indirect Source Regulations
De. See Figure 13-1

I1l1. Levels of Analyses for Regional Air Quality Mcdeling

A, Pollutant burden - Rollback (CO, N02, 03)

B. Conservation of Mass - Photochemical (CO, NO., 03)
C. Models predict above baseline levels - Figure 13-2
IV. Pollutant Burden Transportation System - Figure 13-3

A. Input Variables

1. Vehicle miles traveled on each link

295



Ce

D,

2,

3o

Vehicle speed on each link

Emission factors for co, HC, NOx

Outputs - Tons per day

Traffic Requirements

Critical Year for Regional Transportation Analysis

L.

TPD = 1.1 x 10~° (VMT) (EF)

Speed (mph)

10
20
30
40
50
60

Rate of traffic volume increase equals rate of

VMT

E.F.

decrease in emission factors.

Rate of traffic increase less than the rate of

emission factor decrease,
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Eo Typical Outputs from Pollutant Burden Transportation

Analysis
1, See Figures 13-4 through 13-7

Ve Rollback

A. Assumptions -~ See Figure 13-8
B. Equation Figure 13-8
Co Predictions for O3
1. O3cx_RHC where RHC are emissions from
stationary and mobile sources.

Do Example to Predict Future CO

Base year (1970) CO concentration
(1 hr) = 50 ppm ‘

Bage year (l9270) CO emissions (stationary
+ mobile) = 500 TPD

Future year (1980) CO emigsions
(stationary + mobile) = 250 TPD

6% ) .- D) .Zﬁf) = N en
Crvm. K Rt Sl e

rrg: Ao

E. Example to Predict Puture O

Baseline year (1970) O3 concentration
(L hr.) = 0.40 ppm
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G

'BaéelineAféar (1970)\RHC (stationary

+ mobile) emisgsiohs = 700 TPD

Future year (1980) RHC (staticnary
+ mobile) emissions = 300 TPD

(03\’”.'0* faned 0.- 4&:) _‘_:_?__.O'_:,e) = 0‘ /‘;’p/_’m-‘ .
7o

Limitations of Rollbach for Primary and Secondary

Pollutants

1. NO meteorological inputs

Ze Cannot predict temporal or spatial distribution
of pollutants

3. Does rict include HC, NOx and ultraviolet
radiation for predicting 0,

4, No information on spatial alternatives for
transportation plans.

5. Different baseline years give different
predictions for airxr quality

6. It isgs at best a first order of magnitude

estimate

Rollback Technigques Using Larsen Model

'

See Figure 13--9
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Pollutont
Lood
Tons/Day
L 1 —
Present ETC | . ETC+20

TRAFFIC INCREASE GREATER THAN EMISSION FACTOR
DECREASE FOR MESOSCALE ANALYSIS |

Fi1us |3 -5
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Pol lutant ™~
 Load :
Tons/Day

. 1
Present ZTC

1
ETC+20

TRAFFIC INCREASE LESS THAN EMISSION FACTOR

DECREASE FOR MESOSCALE ANALYSIS

Freors /3 —¢,
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VI. iERf Régional'ﬁodél
APRAC=-1A%*
Ae Purpose
1. To estimate the CO concentrations for an urban
area from readily available traffic and
meteorological data

2. Model includes sources of:

Qe Extraurban diffusion from upwind sources.

be Intraurban diffusion from freeways, arterial
and feeder street sources.

c. Local diffusion of emigsions within a
street canyol.

*APRAC = Air Pollution Research Advisory Comnittee,
' 1A = refers to the present version of the model.

B. Ttraffic Data

1. Based primarily on CO emissions from a network of
traffic road segments or links.

2. Primary network or link - all major freeway and
surface arterial streets

3a Bach link is identified by:
a. ADT and VPH
be coordinate system

c. - road type
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(1) freeway
(2) arterial
{3) local street

Co Secondary traffic network

l. Egtimate total vehicle miles traveled on streets
not representative by the primary network.

Ae total fuel consumption (entire area)

be less than DVM traveled on primary links

Ce secondary travel is distxibuted by relative
traffic densities of local streets for each
grid area.

D. CO Emissions
1. E=o(s P
Where ol&B are constants that depend on the

characteristics of the emission control
devices and wvehicle mix.

ol &B are determined by plotting E.F. vs.
speed on log-log paper (straight line)

E =g >
log E = log B log S

where log o = intercept
B

I

slope

2, Modify e & B based on California Department of
Transportation emission factors or latest EPA study.
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' Intraurban Diffusion
1. Gaussian distribution of CO - See Figure 13-10

Qs qué represents the vertical spread of the
plume. BSee Figure 13-11

2. Area segments are spaced logarithmically

Ae oriented normal to wind
b. overlay traffic network

3. Box model - applied when elevated inversion exists.
Fa Extraurban Diffusion

l. To estimate CO concenﬁration from upwind sources,

Ce = 5!5&!0-“/:
- Uh
Where F = annual consumption of fuel gals per
' year with a 22,5° angular sector
extending from 32 to 1000 KM upwind
of receptor location,

2. Therefore input 16 sectors of fuel consumption,

3. C=Ce+Cu

/c::l-'mu ~ban — intraurban

4. Co can be set equal to baseline levels from
air guality survey. In this case, set F = 0

310



311

JNNTd 40 3 WOU4 NOILVIOT ¥01d3I3Y = A
LH9I3H YJOVLS 3AIL03443=H

1HOI3H ¥01d3203¥=Z

Sy31INVYVd 3ONITNgYNL =200
g33dS aNIM =0
NOILVY LNIINOD =2

[@osgted (O o

NOILYND3 NVISSNVY TTVHINIO

Figuge 13 —10




0, DEPENDS UPON
-® TRAVEL DISTANCE
® ATMOSPHERE STABILITY

GAUSSIAN
VERTICAL
CONCENTRATION
PROFILE

HEIGHT

DISTANCE ———jamm

TA-8563-49

VEHT!CAL DIFFUSION ACCORDING TO GAUSS!AN FORMULATION

is characterized by its standard deviat1on oz. On the basis of experi-

mental data, 7, is taken to have the form

 FieuRs J3-)
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Go

H,

Local Street Canyon Diffusion

Lo

2,

Street canyon effect
(show overhead slide)

c==ce+cu+Ac

- e
“extra=- & intra-"_ street canyon

urban dontribu~ effect
tion

Transport Wind, Mixing Depth and Stability

1.

transport wind - use nearest airport
mixing depth

e closest USWB morning upper air sounding
for temperature

b, use maximum afternoon temperature at
surface to predict maximum mixing depth

Ce morning or minimum mixing depth is
determined using:

(1) empirical relationship involving
city size, urban and rural nighttime
temperature '

d. hourly depths are interpolated based on
observed hourly surface temperatures,

Stability index = basically Pasquill approach
ae insolation

ba wind speeds
Ce aloud cover
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“H.

I.

Changes in Model for Department of Transportation.

i. Input any desired maximum or minimum inversion
height and interpolate for other hours

24 In street canyon option have building height
as a variable

3. Input latest emission factors consistent with
our present analysis

Basic Inputs

1. Options .

Qe

Ce

de

Synoptic model - hourly CO concentrations as
a function of time for comparisons and
verification with observed concentrations.
(10 receptor) or receptors.

Climatological model - fréquency distribution
ox CO concentrations

Grid model - CO concentrations at various
locations (up to 625)

Street canyon option for all cases above

2. Traffic

Coordinates all links in network
ADT, VPH
Type of roadway, freeway, street, etc,

Grid peoint spacing, usually 2 mi.sq.
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Je

K.

L.

e, Speed
£. Gasoline consumption

g & B for emission Ffactors

3. Meteorology
a. Maximum temperature for day
b. Minimum temperature for day
c, Temperature vs Pressure sounding
d, Surface wind speeds

OQutput

1. Digital output

2. Graphical display of CO contours

Validation

1. St. Louis

2a Chicago

3. San Jose

4,

Sacramento - See Figures 13-12, 13~13, 13-14

Limitations of APRAC-1A Model

Good only for inert pollutants (CO)

Maximum 1200 links

Applicable for homogeneous areas with no topographic
effects to alter surface winds

Not applicable for areas where a convergent or
divergent wind flow field exists.

Agsumes uniform wind flow over entire study area
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SACRAMENTO AND VICINITY s BOUNDARIES OF APRAC STUDY
® RECEPTOR LOCATIONS 't IN FIELD AND IN MODEL (1-9)
- M AIR RESOURCES BOARD (10)

"AIRPORTS
ROSEVILLE
SACRAMENTO ,
® 1 METROPOLITAN .~ McCLELLAN AFB
AIRPORT T
@8
RIO LINDA ti{ FAIR GAKS
1-880
A e7 CARMICHAEL
]60 ™ . 3

s

MATHER AFB

K

" SACRAMENTO
EXECUTINE |
AIRPORT .

® 2

ELK GROVE

32 MILES

- 32 MILES -~

FIGURE [3-12
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Advantages

i, Simulatesg multi-day run easily

2. Computationally efficient

3. Provides information for location of CO stationg
for systen Planning,

VII. Photochemical Models

SAI Airsheqd Model - grid or €ulerian mode]
GRC - DIFKIN trajectory mode]
PES - trajectory model
Operation of Photochemical Model]
1. Divide Area inte grids - Figure 13-15
2, Each grig must Specify:

a. Emigsion fluxes of HC, Nox, Co

b, Wind flow fielq and inversion characteristics
c, Initia} Concentrationg of HC, NOx, Cco

1. Model ajir Pollutantg from;

a. Distributeg transportation Sources -
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Be

Ce

be point sources - industrial plants

Model Characteristics

1. Lagrangian'mbdel'coupled with vertical diffusion
and chemical reactionsg.

2. Air parcel carries its own set of coordinates in
a trajectory aligned with the wind direction and
traveling at the prevailing horizontal wind speed.

3. DIFKIN computes the time dependent behavior of a
moving air parxcel in which a multicomponent gaseous

mixture undergoes simultaneous diffusion and
chemical reactions.

Basic Equation

dc +ude =9 [P0 |+ K
Y IK  IX oz

Where:

U N X E o 0

mass ceoncentration
time

= horizontal wind speed
= downwind disgtance

height above ground

vertical turbulent diffusion
coefficient; function of time and z
production rate
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C.

D.

' DIFKIN Flow Diagram

Diffusivity
Mixing Height
Wind Speed
Meteorological
Module
Initial and Species Concentration
Boundary Conditions as a Function of
(Emission Data) Height and Time
Chemical T
Module '
Ultraviolet
Intensity

¢ Inputs —————»=<€Processing + Outputs ——)-l

Meteorological Data Inputs

1,

Surface wind speed as a function of time.

Mixing depth (invérSion height) above ground
surface.

Diffusivity coefficient = £ (t,z)
units - mz/min 10 to 3000 mz/min

Ultraviolet intensity = is input implicitly
via the rate constant for the photo-

disassociation of Noz.
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[ W |

PO U

G.

H.

Emission Data Inputs

= W N =
.

Transportation systems - highways, etc,
Point sources

Grid source analysis

Initial boundary conditions

a. Emisgion data at ground surface
b. Emission data at top of inversion

Chemical Rate Constants:

* L]

~N 0 U R W e
.

Nitric Oxide
Nitrogen Dioxide
Hydrocarbons
Carbon Monoxide
Ozone
Peroxyacetylnitrate (PAN)
Nitrous Acid
Nitric Acid
Hydroxyl Radical
Organic Radicals
Nitrogen Trioxide

Output of DIFKIN Model

1.
2.
3.

Tabular Data
Graphical Data
Punched Qutput

Operation of Model - See Figure 13-16
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-ty
SUNLIGHT IS GIVEN AS
A FUNCTION OF TIME

TIME-DEPENDENT MIXING
AND REACTION IS COMPUTED
FOR AIR PARCEL UP TO THE
MIXING HEIGHT h

~ ; — N

 SPACE/TIME TRACK

—~THROUGH THE SOURCE
GRID 1S DERIVED _
FROM WIND DATA

_ ™~
—~POLLUTANT INFLUXES AT ANY :
ELEVATION (INCLUDING THE .
GROUND) ARE IMPOSED BY THE _

Schematic of Diffusion Model for Air Pollution Simulation

324 /S /GURE 13~ L



Applications of DIFKIN

1. Applicable for project level analysis.,
See Figures 13-17 and 13~18,

2. Locate sources which produce "hot gpots" for
pollutant emissions using backward trajectories.

3. Predict pollutant concentrations in valleys.

4, Applicable for areas where terrain affects
surface winds, '

5. Computationally efficient
Limilations

1. Not directly applicable for convergence or
divergence of wind flow fields,

2. Not applicable where vertical wind shear is
an important parameter - multi-day runs,

3. Not applicable for transportation system planning,

4, Difficult to compare prediction to 1 hour
NAAQS because moving trajectories - spatial average.

5. Trajectories are sensitive to exposure of existing
wind stations; therefore must have weather stations

located consistent with assumptions of the model.

6, Input requirements,
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“Ix:; ‘SAT Airshed Model

A. Purpose - A predictive model to assess air pollution
impacts on a regional scale uging an eulerian coordinate
systemnm,

i, Model air pollutants from:

a., -‘distributed transportation sources -
network of highways and surface streets,

b, point sources - industrial plants
Ca aircraft sources
" Be Model Characteristics
le.. Eulerian model coupled with three dimensional
diffusion and chemical reactions; allows wind
convergence and divergence and elevated behavior

to be all treated readily in this forumulation

2. Predicts temporal and spatial distribution of
pollutants for each grid in entire study area.

C. Basic Equation:

éC +Q&C( + N dce. +NC)C.¢, g
8f ©aK &3 Jz

2 Jee e, " i
c::.&[_KH C]+- E(H < fi[KZ%E';]‘?‘ Fai o,
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Where C; = concentration of species i

U,V.W = wind components in x, y, z direction
Kh, Rv = horizontal and vertical di ffusivity
Ri = rate of production of species i through
chemical reactions,

Si = rate of production of species i from source
emissions,

D. System Qverview - See Figure 13-19

E. Automated Meteorological Data Preparation Program (AMDPP)

1.

Purpose - The AMDPP is used to prepare meteorological
data in a suitable format for direct input to the
Atmospheric Pollution Simulation Program. Wind

data and inversion soundings at points scattered
throughout the modeling region are employed in an
interpolation scheme which results in the calculation

of wind speed and direction and mixing depth at
each grid cell.

Input Data Requirements - Grid coordinates of each
measurement site,

Hourly-averaged wind speed and direction data
Inversion soundings (as available)

Miscellaneous program operating parameters.
Output Capabilities - Printed maps displaying the

spatial distribution of the wind speed, wind
direction, and mixing depth at each hour.
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Fe Emissions Data Preparation Program (EDPP)

1.

Purpose - The EDPP is employed to process motor
vehicles, aircraft, and fixed source emissions
data. Total emissions for each chemical species
are calculated at every grid point as a function
of the time and placed in the Emissions Data File
(EDF) in a form guitable for use by the Atmospheric
Pollution Simulation Program,

Input Data Requirements
Motor Vehicle Emissions

.daily vehicle miles travelled (VMT) on surface
streets in each ground level grid cell (miles/day)

.daily VMT traveled on freeways in each grid
cell (miles/day)

.average freeway and city street driving speed in
each cell as a function of time

-temporal distributions for both surface gtreet
and freeway driving activity

.average hot and cold-start vehicle emission
factors for HC, NO_ and CO (grams/vehicle-day)

.reactive/unreactive hydrocarbon split for exhaust
emisgions

Alrcraft Emissions

-amigsion factors for each aircrafit class as a
function of operating mode (1lb./minute)
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3e

fhmaﬁnt OF time each class of aircraft spends in
each operating mode (minutes)

-aVerage number of engines of each c¢lass of
aircraft

.alrport location

»total number of daily ground operations at each
airport (operations/day)

- temporal diegtribution of ground operations at
each airport

Fixed Source Emissions

«total emissions rate of HC, NOX, and CO from fixed
Bources into each grid cell {kgm/hour)

Output Capabilities - Printed maps displaying the
spatial distribution of reactive and unreactive
hydrocarbon, NoO, N02, and CO emissions at each hour

Ge Air Quality Data Preparation Program (AQDPP)

1.

2.

Purpose - The AQDPP takes either measured or
uger—specified air quality data at a number of
scattered sites throughout the modeling region
and, through an interpolation pProcedure, computes
both the initial and boundary concentration
distributions for use in the airshed simulation.

Input Data Requirements

Grid coordinates for each measurement site
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3.

Hourly air quality data (measured or user—specified)
for each pollutant species at each station

Miscellaneous program operating parameters
Output Capabilities

Printed maps displaying the initial concentration
distribution on the grid for each species,

Printed tables illustrating the calculated hourly

values of the boundary concentrations for each
species,.

H, = Atmospheric Pollution Simulation Program (APSP)

1.

2.

Purpose

The APSP is used to carry out the actual airshed’
simulation. Emissions, meteorological and air
quality inputs are processed to vield the spatial
and temporal distributions of air contaminants
throughout the modeling region., OF particular
interest are the estimates of hourly-averaged
ground level pollutant concentrations for reactive

hydrocarbons, unreactive hydrocarbons, NO, NO

2!
03, and Co,

Input bata Requirements

Meteorological Data File
Emigsions Data File
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E.

Air Quality Data File
Modeling region characteristics

.maximum number of grid cells in each
coordinate direction

.Shape of the region

. topographic barriers
Chemical kinetics parameters

.reaction rate constants

.stoichiomet;ic coefficients

. temporal characteristics of photolysis
rate consgtants

Miscellaneous program operating parameters

.Starting and stopping time of the simulation
.integration time step size

.time interval between ground level concentration
map printouts

3. Output Characteristics
Printed maps illustrating predicted ground level
concentrations at regular time intervals (user-
selected) throughout the course of the gimulation
See Figures 13-20 and 13-21

Applications of SAI Airshed Model

1. System planning to determine the interrelationship

of land use, transportation and air gquality
planning,
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A

Applicable for areas where terrain e ffects alter
surface winds, '

Applicable for area where a convergence or
divergence of wind flow field exists,

Applicable for areas where vertical wind shear
is important.

Provides information for system planning and
location of air monitoring stations,

Limitations of SAI Airshed Model

(SRS U R
.

Expensive to run

Not applicable for project level analysis - too costly
Numerical diffusion problems

Cannot simulate multi-day runs - must be modi fied
Input requirements

Transportation Systems Analysis

1-

See Figure 13-22

X. Validation of Regional Air Quality Models

A,

DIFKIN, SAI, PES - Los Angeles Study

1.

Poor data base for model inputs

Location of APCD stations where locally affected
by:

a. high traffic densities
b. O3 depression
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3. Difficult to validate modely unless these
localized effects are congidered in the model.

4, Need point measurements of air quality which is
representative of entire grid area,

5. Poor exposure of neteorological data
., Location of APCD stationsg

b. Stations with 1 hour averaging times vs
instantaneous readings,

Be Consequences of using data that are not repregentative or
based on agsumptions of models.

1, Difficult to determine initial concentrations for
each grid square with confidence

2. Difficult to determine the wind flow field and
trajectories with confidence,

3. No confidence in validation results,

XT. Issues that Must Be Resolved Before Implementing Regional
Air Quality Models.

A. Define Study Area and interface of mobile and stationary
source inventories for each grid; must use same
coordinate system.

B, Boundary Conditions - The location of all terrain
features that may alter surface winds and effect

transport of pollutants must be changed in the computer
programs.,
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XII.

C. Meteorological Data Base - The surface wind flow field,
vertical wind shear, diffusion coefficients, radiation
intensity, and spatial distribution of surface based and
elevated inversions must be described for study area.

D. Alr Quality Data Base = The initial concentrations of
reactive hydrocarbons, oxides of nitrogen, and carbon
monoxide must be specified for the grids if chemical
modules are to describe "real world" chemical
reactions with any degree of accuracy.

E. Verification program to evaluate models -~ It has
been requested by EPA Region 9 that verification
studies be made for each study area,

Caltrans Involvement in Inplementing Regional Air Quality
Models

A. Design an air and meteorological survey congistent with
model assumptions to provide a sufficient aerometric data
base,

1. Bag sampling

2. Air quality van(s)

3. Aircraft -package

4, Double triangulation theodolite
S5 Weather gtations

6o Solar radiation

7e Manpower

B. Modified Models fox each study area
Ce Provide leadership in transportation plahning now

including environmental inputs. (Action rather than
a reaction agency)
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XIIi.Status of Computer Programs for Regional Modeling

Ae Rollback
B. SRI APRAC-1A

- C.  DIFKIN
; D. PES
E. SAIL
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1.

4

'SECTION 14

REPORTS

Levels of Air Quality Reports

A.

.B.

Paper Study

L.

3.

4.

Small projects -~ less than 1000 VPH+
Use existing data if available

e Air'Quality
b. Meteoxoclogy

Emphasis Worst/Worst Case

a, Microscale - predict above baseline
be Mesoscale - tons per day for highway section

No monitoring required unless environmentally
sensitive area.

cbﬁplete Air Quality Study

1.

3.

Design air and meteorological surveys for
microscale and regional area

Collect aerometric data
Model Validation

Ae Microscale
be Regional
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I

i1.

Flow Chart for Air Quality Study - See Figure 14-1

A,

B.

De.

Planning Phase

Projeét review
Request traffic data
Historical air and meteorological data

Design air and meteorclogical surveys

Field Sampling

1.
2.

Short term = critical pollutant season

Long term -~ seasonal variations

Data Rediction

1.
2
3e

Correlate air and metrological data

Review traffic data base

Analyze surface streamlines and air quality
for project and region

Analysis and Report Writing

L.

2.
3.
4.
5

Mathematical Analyses and Air Quality Modeling

e Microscale
be. Regional

Alternatives

Time Periods
Meteorological Conditions
Report
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S,

IIT. Suggested Format for Report

A

Executive, or Summary, Section of Report

= W o
.

Acknowledgement

Introduction

Project Description

Summary of Results

de

Answer basic environmental guestions discussed
in Section 1

Technical Section of Report

5.

Traffic Estimates

a.
b.
Ce
d.

Transportation model and assumptions
Microscale - VPH

Mesoscale - VMT

Basin - VMT

Emission Factors

Meteorology

a, Air Basin

b. General Climatological Features
Co Air Pollution Meteorology

d, Surface Winds and Transport

e, Surface Atmospheric Stability
£. Existing Meteorological Sources
g Meteorological Field Study

h. Data Analysis
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8. Ambient Air Quality

Historical Air Quality

Sources and Trends of Air quality
Exposure of Existing Sources

On-Site Air Quality Sampling Program
' Existing Baseline Pollution Levels

B o TR N o
»

9. Mathematical Analysis

a, Air Basin - TPD Analeis

b. Mesoscale - TPD Analysis

c. Future Ambient Air Quality based on Rollback

d. Impact Assessment based on Air Quality Modeling

(1) 'Predict air quality concentrations
(2} Microscale
(3) Mesoscale
(4) Air Basin

10, Air Quality Standards and State Implementation Plan
11, References
12, Appendices of Data Base
A Meteorology
b. Alr Quality
C. Statistical Analyses
d. Computer Outputs
13, Glossary of Terms

Ce. Report Format in Manual

1, The above format can be used in place of format
suggested in the manual or can be used to supplement
that approach.

346



IV. Comments on the Evaluation of Air Quality Reports

Al

Project Description and Introduction

1.

2.4

4o

6

7.

8o

Define problem and overview

Indicate type of highway design, length of project,
topography within area, estimated time of completion
(ETC) o

Discuss which pollutants are analyzed and why
they were chosen.

Discuss type of analysis and define:
e Microscale
D Mesoscale

Ce Basin

Estimates of CO considers "bad" or "typical"
day cases.,

Mention any air quality or meteorological survey
and the duration of study.

Discuss project coordination with other agencies
(local and State).

Discuss any particular public concern with project
ailr Quality.

Traffic Information

1o

State assumptions of traffic estimates for land
use. '

Mention that the traffic estimates are based upon
the land use studies made by L.A. County, etc,
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a. What use can be made of the APCD data for the project?
For the entire gstudy area?

b. Is it necessary to design an air quality survey for
the study area? Project? If S0, where should stations
be located and why? Design the survey for CO and 03.

Assume an air quality van can be used to monitor 03.
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6e

7o

Discuss Pasquill stability classes A through F
and discuss the genefal weather conditions
associated with unstable, neutral and stable
conditions.

Example: Unstable - summer daytime conditions associated
with clear skies and light winds

For correlation analysis of different wind systems
discuss:

3e response or threshhold wind speeds
df the system

b. exposure

Ce calibration and maintenance

d. averaging time '

When using historical data state the number of
vears available and how many vears were used in
your analysis.

.a. generally, use a minimum of 5 years of record

as recommended by U.S.W.B.

b. other reasons based on a statistical analysis
or recommendations by experts

E, Ambient Air Quality Analysis

1.
2.

State all sources near project area.
Digcuss exposure of APCD gtations:

a. located on main surface streets
reflecting local traffic densities
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4.

Se

Ge

7e

S.

'b. local aerodynamic‘effects

ref: SRI, L.A. Project
Ca station sould be 200 to 400

feet away from local sources

ref: Ott, L.A. Project
d, show pictures of improper exposure
State that sampling sites for the air quality
survey are based on homogeneous land use patterns
and sensitive receptors based on the criteria

discussed in manual,

State why each site was selected as being
representative of area, etc. ‘

Indicate at what height samples are taken
Discuss the sampling train and equipment
Show pictures of a typical gampling site,
Use historical data to indicate the worst
season for pollutants and design your survey

accordingly.

Discuss why you sampled during a gpecified
period, seasons, etc.
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10,

11.

12,

! 13.

14.

1.
; 2.

If using APQD'data to estimate representative
worst case baseline air quality conditions generally
use last two years of data because:

ae major development in area

b. more vehicles with emission control devices
Ce APCD station moved prior to analysis

de change of instrumentation

Discuss the calibration of CO analyzer, model

number, etc., and location where the bags are
analyzed,

When making correlations at APCD stations,
discuss how often they calibrate their

instrumentation.

Predict future background levels for CO if
applicable.

Discuss the transport of pollutants

F. Mathematical Modeling or Analysis

Define microscale and mesoscale analysis
Discuss model relationship to:

Ao traffic volumes

b. emission factors

Co meteorology

do type of highway design

List the assumptions for microscale and regional
alr quality models,
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4, Menﬁibn'microscale model is recommended by EPA
as "an approach" to estimate CO concentration
for a highway line source.
Reference: Dr. Ralph Sklarew, "Air Quality
Envirommental Impact Statements for Highway
Projects", EPA Training Class, September 1972.

5. Estimates are above baseline levels.

6. Discuss the assumption and meaning of "worst" and
"typical" cases,

7e State the inputs for the "most probable" and
“"worst" meteorological conditions where applicable.

8o Discuss the approach used to predict photochemical
pollutants (03, etc.) and quality and interpretation
of the results.

State Implementation Plan

1, Discuss briefly the objective goals of the
"State Implementation Plan".

2. show how highway project fits into this plan
(be specific).

General Comments
1. State all references

2, Include a glossary of terns.
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VI.

3. Avoid the statement "without the freeway traffic
will increase". Say "studies made by
indicate that whether the freeway is built or not,
the traffic will increase".

4, In the air guality report, answer the six basic
guestions discussed on Pages 4 and 5 in "A Method

for Analyzing and Reporting Highway Impact on Air
Quality". '

Methods of Presenting Data

A, Tabular
B. Graphically = See Figures 14-2 through 14-4

Recommended Air Quality Reports for Review made by Caltrans
Transportation Districts:

A. Air Quality Report for the Route 118 Freeway Proposal
From Balboa Boulevard in Granada Hills to De Soto

Avenue in Chatsworth, Transportation District 07,
July 1974,

B. Air Quality Report El Segundo - Norwalk Freeway,
07-LA-~1/105, Transportation District 07.

Co Air Quality Report Foothill Freeway 07-LA-210,
Transportation Disgtrict 07. |

De Air Quality Report Route 252 in San Diego From
Route 5/15 Separation to 0,4 mile W. of Route 805,
Transportation District 11,
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F.

.

Air Qﬁélity Report on Route 101 Santa Barbara County,
Transportation District 05,

Air Quality Report in Kern County fxom 1.6 Miles East
of Route 14 to 1.3 Miles East of California City
Boulevard Kern County, Transportation District 09,

Air Quality Analyses Route 17, 80, and 93 in

Richmond Area and Impact Study, Transportation
District 04,
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CO (ppm)

CO {ppm)

ESTIMATED 1975 SUMMER CONCENTRATIONS OF
CARBON MONOXIDE AT NORBRIDGE SCHOOL

WITH PROPOSED NEW FREEWAY
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ESTIMATED TOTAL TRAFFIC LdAD FOR

CARBON MONOXIDE |
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HOMEWORK PROBLEM NO. 1

Given:

The following traffic data is for an urban area with and without

a proposed freeway.
streets,
freeway is 1980,

Find:

From the information given estimate the
the CO pollutant load (tons/day) within

proposed freeway is built,

Traffic Data:

Daily Vehicle Mileage (DVM) on

urban streets without freeway . . . .

Daily Vehicle Mileage (DVM) on
freeway in urban area . . « o o

Daily Vehicle Mileage (DVM) on

urban streets with freeway . o « <«

Average route speed on freeway . . .
Average route speed on urban streets

Emission factor on freeway . . .

Emisgion factor on urban streets .

363

Assume a 5% HDV mix on the freeway and urban
The estimated time of completion of the proposed

increase or decrease in
the impact area i1f the

460,000 mi/day

260,000 mi/day

300,000 mi/day

50 mph

20 mph
8.4 gm/mi
18.2 gm/mi



HOMEWORK PROBLEM NO. 2
Given:

The same traffic data as given in Homework Problem No. 1 except
that the estimated time of completion of the freeway is 1985,

Find:

Estimate the increase or decrease of the CO pollutant load (tons/day)
within the impact area if the proposed freeway is built,

Emission Factors 1985 Freeways = 5.5 gm/mi
Emission Factors 1985 Urban Streets = 12.0 gm/mi.




HOMEWORK PROBLEM NO. 3

Given:

An 6 lane highway is planned built to replace an existing 2-lane
highway as shown in Figure l. The highway is planned between
points A and B. A small rural communiity is located near the
middle of the valley. All of the alternate routes will provide
access roads to and from the local community.

Pind:
From the information given, answer the following:
1., Draw the general diurnal surface wind stream
lines for the impact area under possgible

inversion characteristics.

2. Discugs the general dispersion and transport
of pollutants for each alternate route.

3. What is the best alternate route to minimize
the impact of the highway on the air environ-
ment within the highway corridor and valley?
Which alternate route is the worst?
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HOMEWORK PROBLEM NO. 4

Given:

A highway is planned between Points A and B shown in Figure

1. The major portion of the highway is to be located within the
canyon. There are two meteorological sources that record wind
speed and direction. They are at the airport located near the
ocean and an air pollution district monitoring station located
within the Skog Valley. Both meteorological stations have good
exposure for the wind instrumentation.

Problem:
From the inf_rmation given answer the following:

1. Sketch the general diurnal surface wind streamllnes
for low and hlgh,based inveraions.

2. Are the wind data taken at the airport and/or the
air monitoring station representative for the sea

breeze regime for the project? Drainage wind?
Explain.

3. Can the data at the airportAand air monitoring station
be used for portions of the highway?

4. Is a meteorological survey required for the project
' area? If so, how many mechanical weather stations

should be used and where ghould they be placed?

What type of exposure of the wind syétem is required?
How long should the survey last?
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HOMEWORK PROBLEM NO. 5
AIR QUALITY SURVEY
Glven:

A proposed freeway (ABCD) would connect the coastal State highway
with Freeway C and would be located in an urban area, The estimated
ADT for 1980, the completion date, is 60,000, It is anticipated by
planners that this additional travel will result from future growth
in the eastern part of the comminity which will have direct access
to the airport. Because of city land use restrictions, the

portion of freeway traversing the light industrial area is at-grade.
The major portion of the Freeway C~D is in a 24-foot cut to reduce
environmental problems related to noise. Located within che south-
western part of the impact area is heavy industrialization consist-—
ing of oil refineries and chemical plants. There is an air pollution
control district monitoring station (APCD) located near the inter—
change in the State highway route and the surface arterial street

as shown in Figure 1. The air intake for the APCD station is
located at a building approximately 50 feet from the interchange
area. The only source of meteorological information with proper
sensor exposure is at the airport. There are four schools within
the area. The geographical location of these schools with respect
to the freeways and surface streets is as follows:

School 1
300 feet south of proposed freeway and
3 miles west of Freeway B.

School 2
2 miles south of proposed freeway and

3 miles east of Freeway B.
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School 3

250 feet north of proposed freeway and
5 miles east of Freeway B.

School 4

500 feet east of interchange and 200 feet
gouth of State highway.

The total length of the project is 17 miles.

Problem:

1.

3.

Is the APCD station representative of the proposed
highway route? Explain.

Are there sufficient meteorological data available to
characterize the surface streamlines of the project
area? Explain,

If it is determined in (1) above that the APCD station

is not representative of the project area, design an

air guality survey for CO. Assume that a maximam of

four bag samplers are available (Lf necessary) to determine
the existing air quality of the préposed route.

Design an air quality survey. Use an air quality van

for 03.
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. i )
HOMEWORK PROBLEM No. 6
TRAFFIC, AIR AND METEOROLOGICAL SURVEYS

Park I

Théiexisting highway is two lanes located as shown in Figure 1,
It is proposed to relocate the existing facilities and have a

4 lane freeway to relieve traffic congestion and accommodate
future growth,

“Local environmental grou?s are concerned that the proposed re-
ialignment and 4 lane freeway will act as a catalyst to Promote
future accelerated growth within the surrounding area. Their
arguments are that the area east of town is presently zoned for
agricultural use but developers have been trying to convince the
County Planning Commission to rezone the area for residential use,

*Theé environmentalists contend that, with all of the potential
"growth, the area will have a prdblem with air quality. They argue

- that the town is generally surrounded by hills and located in a

: "bowl" and along with the frequent temperature inversions may be a
"suicide box" for air pollution. They also believe that the

future traffic forecasts by the Highway Department are not realistic
because the energy crisis has increased gasoline costs and

reduced 'roadway use. The traffic estimates are shown in Figure 1
and ‘are for the time when the area is fully developed in 1995,

The environmentalists also contend that the traffic in future years
will not get appreciably worse becauge of the limited availability
of gasoline, They also contend that there has been a recent reduction
of tourists and recreational traffic along with the increased
ridership in the local buses,

-
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However, the environmental groups are concerned about alleviating
the traffic congestion and reducing air pollution with the minimal
impact on growth and energy requirements., In order to achieve
this goal they advocate that the State should be concerned with

moving "people and not vehicles", They propose an improved bus
system with increased service,

a. To assess the impact of the proposed transportation
system on the air environment, discuss the possible
alternatives and what traffic information is required.
What type of an analysis should be made to assess the
energy requirement for each alternative?

Part 2

Within Skogsville there ig a continuous air monitoring station
(CAMP) operated by the local air pollution control district. The
CAMP station is located in a building within the downtown area on
the third floor. On top of the building is a wind system. It

is located near the center of the building about 10 feet above the
roof, The street where the air sensor is located runs in an east-
west direction. The CAMP station monitors CO, HC, NOx, NO, Noz,

O3 and particulates, Figure 2 illustrates the location of the
CAMP station,

Problem:

Q. Draw the diurnal streamlines for the study area for
drainage winds and high and low based elevated
inversions. Assume low point of valley is in NW
corner of study area.

b. What use can be made of the historical meterological
data?

c. Is a meterological surwy required? If 80, design the
survey.
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a. What use can be made of the APCD data for the project?
For the entire gstudy area?

b. Is it necessary to design an air quality survey for
the study area? Project? If S0, where should stations
be located and why? Design the survey for CO and 03.

Assume an air quality van can be used to monitor 03.
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' HOMEWORK PROBLEM NO, 7

Given:

An air quality survey was made for a highway project and the
‘highest measured hourly concentrations were as follows:

CO = 45 ppm
NO2 = 0.30 ppm
O, =

3 = 0.42 ppm

‘The survey was made during the calendar year 1974, The emission
inventorieg for mobile and stationary sources for the mesoscale
area are shown in the following graphs.

o A N
PR 7 ) 200D -
" neet Quc 15
CO ool _ TP 0p :\\\‘-‘hﬁ_______~”,
TPO | 5o -
0 b ; ; >

470 15 8o 85

TPD

1 , 1 4 L

1970 75 gD g5

v

Find:

| - -?redict the air quality concentrations of co, NO2 and 03 for the

future years of 1980 and 1985, What are the limitations and weakness
: of the rollback approach in predicting future air guality? What

effect does the baseline year of air quality have on futu

re predictions
| .. using rollback?
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IMPACT OF TRANSPORTATION SYSTEMS ON THE AIR ENVIRONMENT

True or False.

Place a T or

Take Home Exam (Open Book)

an F to the left of the statement number depending

upon whether the statement is True or False.

1.

Decrease of wind speed in urban areas is primarily
due to the increase in the size of the roughness
elements,

Meteorological information on many different
scales must be considered with respect to site
selection,

Wind speeds less than 3 mph are of particular
concern in air pollution meteorology, yet they
are difficult to measure with most existing cup
anemometers since their starting threshhold is
near 3 mph.

The downslope and downvalley winds are usually
less frequent and slower than the upslope and
upvalley winds due to the increased friction
between the ground and the dense air.

In terms of "air pollution" the highway corridor
extends both in the upwind and downwind directions

to the point where the pollutant concentrations
generated by the traffic on the highway are dispersed
to the ambient levels,
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10.

11,

1z,

13.

THe Califdrnia Line Source Diffusion Model (CALINE2)

estimates air pollution levels on and within the
highway corridor. Estimates above baseline are
made using the traffic on the highway as the
source.

When the winds are parallel to the highway alignment,
the buildup of pollution levels in the downwind
direction within the mechanical mixing cell is

theoretically greater for Stability A than for

Stability F. ({CALINEZ2)

A highway located on an elevated section
theoretically reduces the ground level
concentrations as compared to an at grade section.

CALINEZ is a photochemical model.
CALINEZ can estimate ozone concentrations.

CALINEZ can estimate the concentrations of HC
and NO  for all meteorological conditions provided
emission factors are available.

The "urban heat island effect" of cities can enhance
the dispersion of pollutants compared to a rural
environment,

In designing meteorological surveys, it is

desirable to use hand-held wind systems to assist

in determining the exact location for the mechanical
weather station,
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14,

15,

16.

i7.

18,

19.

20,

In general, wind systems located on top of buildings
will have proper exposure to measure surface winds,

Local aerodynamic ef fects of streets can cause a
change in the horizontal concentration gradient
from one side of the street to the other.

A highway located in a cut section with wind parallel
to the alignment tends to restrict the dispersion
of pollutants horizontally.

In statistical analyses of air pollution data the
meteorological conditions during data collection
should be similar for the data being analyzed,

CALINEZ has been statistically validated with
field measurements for all types of meteorological

conditions,

The Richardson Number gives a comparative measure
of atmospheric turbulence.

Regional Gaussian air quality modelg are applicable
for areas where terrain effects alter surface winds.
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'}5Mﬁiiiﬁlé Choice

There is one correct answer, Circle the letter designating the
correct answer,

23, The mechanical mixing cell on a highway is caused by:

. 24.

25,

a,
b,

Ce

The

Q.
b.
C.
d.

If
of

wind flow over the highway
wind shear
motion of moving vehicles

approximate height of the mechanical mixing cell is;

the height of the wvehicle

twice the height of the vehicle

three times the height of the vehicle
none of these

a highway line source (at-grade) is under the influence
a surface based invgrsion, the ground level concentration

might be expected to be:

high
low
no ef fect
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28,

28,

When compiling meteorological data for prevailing wind
direction and speed to be used in the mathematical model,
the best time period to use in the analysis is:

a. During changes in the daily and seasonal traffic volumes
b. daylight hours (9 a.m. - 3 p.m,.)

C. 4 pom, - 6 p.m,

d, peak traffic hours

In CALINE2, CO is used primarily as a tracer gas because it
is: '

a. chemically reactive gas
b. is a constituent for photochemical smog
C, is a relatively inert gas in the formation of smog

In general, the ambient air quality data measured at APCD
stations is representative of a proposed highway route
located how far away?

a. 100 feet

b. 500 feet

Ca 1l mile

d. none of these

The most probable surface stability class for the atmosphere
on an early January morning with clear skies and light winds is

.

a.
b.

H g 0w
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30.

31,

32,

33.

Tﬁe-concenﬁiatién gf”CO is 0;01 g/m3. Convert this to ppm.

Molecular weight CO = 24,

a, 9
b, 12
C. 15
d. 20

The peak traffic hours are from 4 PeM. = 6 p.m. On a clear
July afternoon with light winds, what is the most probable
surface stability class at this time?

2, A

. D
C. 5.
d. F

Same conditions as in question 32, except that the wind speed
is 15 mph. What is the most probable surface stability classg?

a. A
b, D
c., E
d, F

‘The highest ratio of peak to mean CO concentration is

observed under:
a. unstable conditions

b. neutral conditions
C.  stable conditionsg
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34,

35.

36,

37.

Highest concentrations within the plume for an elevated highway

source are withs:

a.
b,
C.
d.
e.
f.

The two primary factors which tend to increase air pollution

fumigation conditions
trapping conditions
lofting

fanning

strong lapse conditions
weak lapse conditions

concentrations are:

light winds and fog

clouu cover and light winds:
stable atmosphere and light winds
stable atmosphere and fog

The temperature at-254 feet above ground minus the tempexr-

ature at 6 feet is +1.3°F.

a,
b.
C.
d.

Ca

The lapse rate is:

superadiabatic
adiabiatic
subadiabatic
isothermal

inversion

Thermal instability is most extreme during:

a.
b.
C.
d,

C.

nighttime, clear skies, light winds
daytime, clear skies, light winds
nighttime, cloudy skies, high winds
daytime, cloudy skies, light winds
daytime, cloudy skies, high winds
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39,

.40,

41,

“* o3,

”nghest ground level concentratlons near an elevated

source occur with:

a, ground based inversion
b. unstable conditions

Ca isothermal conditions.
d. fumigation condition
e, none of the above:

What is the value forffrz at a dlstance of 0.20 km for a
line souxce for stability class a7

a, 12 m
b, 8.5 m
C, "7 m
d. 100 m

a, none ofltheSe

The temperature at 105 feet is 64,0°F and the temperature
at 10 feet is 64.3°F. The average lapse rate between these
two heights is:

a. superadiabatic
b. adiabatic .
subadiabatic

(0]
]

d. isothermal
e. inversion

The minimum concentration at ground level downwind of an

- at grade source is during:

ae superadiabatic conditions
b. adiabatic conditions

C. subadiabatic conditions
d. isothermal conditions

e, inversion conditions
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42,

43,

44,

The National Climatic Center (NCC) is located in:

»

Washington, b. C.

New Orleans, LA

Kansas City, Kansas
Asheville, North Caroclina

Which of the following pairs of parameters is the most

important from a meteorological point of view when

considering photochemical reactions in the atmosphere:

ae
b,
Ce.
d.

very high and very low temperatures
low wind speed and constant direction
precipitation and fog

relative humidity and percent possible sunshine

For a looping plume, the Pasquill Stability Class is:

a.

Stability C-D
Stability A-B
Stability E~F
Stability a-B
None of these
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47, -

a8,

49,

" For an air quality survey, the minimum distance separating

CO air sensors and localized sources is:

a,.

0 - 100 ft.
200 - 400 £t,
600 - 800 ft,
None of these

general, the O, concentrations are the highest during the:
summer and fall

_suﬁmer and winter
winter and spring

In general, the highest daily 05 concentrations occur in

early morning
midday
evening

In general, the maximum CO concentrations occur in:

a.
b.
c.
d.

" winter
spring
summer
fall

The transport of pollutants from one city to another is
most likely to occur with:

ST + I o N

light winds, surface based inversion
strong winds, surface based inversion
light winds, elevated inversion
strong winds, elevated inversion
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50. For a "short term" air quality survey for CO, it is most
important to obtain air samples for:

51.

52,

53.

€.

winter
spring
summexr

fall

All of these

The initial vertical dispersion used in CALINE2 for

turbulence caused by the motion of moving vehicles on
highways is:

a.
b,

d.

.

2m
4m
8m
10m

none ¢f these

Which of the following air quality models is most
appropriate to use for system planning?

SAL
DIFKIN
APRAC-1A
Rollback
CALINEZ

Which of the following air quality models can gimulate wind
shear best?

SAT

DIFKIN
Rollback
APRAC-1A
CALINEZ2

387



Which of the'followihg air quality models uses a lagrangian
coordinate system to numerically solve the consexvation of

mass equation?

DIFKIN
SAT
APRAC-1A
Rollback
CALINEZ




